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CHA PTER  I 
I NTRODUCT I ON 
I n  many a reas  of South  Da kota , the su pp l y of u s abl e water for 
l i ves toc k producers i s  i n suffi cient or of poor qua l ity . A l i vestock  
producer with i n su ffi c i ent ground water may ha ve seriou s  economi c prob­
l ems. The p roducer may be either forced to reduce herd size or  fi nd a 
new water sou rce . Obtai ning more water from a new wel l may be cos tl y i f  
the we l l  has  to be dug deep or go through rock. Hau l i ng water i n  i s  
another a l ternat i ve but  this can be i nconveni en t  a nd expens i ve .  Poor 
qua l ity wate r can  a l so  be a probl em. Very poor qua l i ty water may be 
dangero u s  for domes tic a nd l i vestock use. San i ta ry eng i nee rs s ay tha t of 
those peo p l e conce rned a bout the i r  water , 38 percent to 39  percent of 
the water s amp l es tes ted i n  Pierre l aboratori es were found  to be uns afe 
for human con s umption .1 Water unsafe for humans  may a l s o  be u ns afe for 
l ives tock . 
To he l p  overcome these probl ems , ru ra l  water sys tems ha ve been 
organ i zed . Ru ra l water sys tems are nonprofit corporation s  or coopera­
t i ves des i gned to meet the l i ves tock and dome s t i c  wa ter dema nds of rura l 
and sma l l town res i den ts . How much they have he l ped i s  yet to be seen , 
but  they defi n i te l y  have an impact and affect soc i e� i n  a number of 
d i fferen t  ways . Th i s  s tudy wi l l  l ook  on l y  at the effects  ru ra l water 
systems have on  l i vestoc k i n  the agri cu l tu ra l s ector in South Da kota . 
l lee J orgen sen , New Ro l e For Extens i on : Serv i ng the Rura l  
Commun i ty Wa ter Distri cts (Broo k i ngs , SO , South  Da kota Cooperati ve 
Extension Serv i ce) , p .  5 .  
Data o bta i ned from s urveys wi l l  be put i nto a mode l presented i n  thi s 
thesis to e s timate the effects of ru ra l wa ter on  the l i ves tock s ecto r of 
the agricul tural  economy in two area s of South Da kota . 
J UST I F I CAT I ON 
I ns uffi c i ent quanti ty and qua l ity of water in S ou th Da kota are two 
reasons  rural  residents have been tu rn i ng toward rura l water sys tems to 
meet the i r  water needs. 
The fi rst l arge rural water system wa s o rga n i zed  i n  1962 to serve 
700 rura l res i dents near Ra p i d  C i ty. From 1 962 to 1 970 the growth of 
rura l wa ter sys tems i n  South  Da kota wa s s l ow wi th o n l y  nine systems i n  
operation a s  of 1 970 . S i nce then , the number and  s i ze of ru ra l water 
sys tems in o pera t i on  have grea tl y i ncrea sed . 2 As  of  1 982 there were 
fou r sys tems under cons truction� e l even that were newl y orga nized , and 
fi fteen that were fu l l y operationa l , an  i ncrease of  2 1  sys tems i n  1 2. 
years . 3 I n  addit i on , there are twenty more sys tems i n  the p l a nn i ng and 
organ i zationa l  s tage . 4 An average of 950 hoo ku p s  for each of  these 
sys tems prov i de wate r for about 4 , 000 peop l e per sys tem . 5 
2char l es U l l ery ,  Ru ra l Community Water  Systems : Update 1 978 
( Broo k i ngs , SO , Cooperati ve Extension , SDSU , 1978) . 
31 982 Directo r of  Ru ra l Water S s tems.i n  South  Da kota ( S i oux 
Fa l l s ,  SO , Sou th Dak ota Assoc1ation of Rura Water Sys tems . 
4cha r l es U l l ery ,  Ru ra l  Community Wa ter  Sys tems : Update 1 978 
( Brook i ngs , SO , Cooperative Extension Service , SDSU , 1978) . 
5char l es U l ery ,  Ru ra l Commu n i t 




Current l y ,  the tota l ca p i ta l  i nvestment  for a l arge sys tem averages 
$4 . 5  mi l l i on .  T h i s amou nts to an tnves tment of $4 , 700 per hoo kup and an 
average month l y  u s er c harge that wou l d  exceed $20 i f  the system were to 
be se l f s u pporti ng . 6 If a l l the commu n i ti es  i n  Sou t h  Da kota wanti ng 
rura l  water were aggregated , i t  wou l d co s t  $46 mi l l i on to deve l op the 
sys tems . 7 
T h i s amount  of  growth i s  of grea t concern to the  s ta te because  
rura l water sys tems are u sua l l y  not f i nanced by  the i r members . 8 The 
returns prov i ded by a ru ra l water sys tem may be l ower than expected 
beca u s e  of the h i g her vari ab l e costs  of o perati ons , ma i nl y  operati on. 
l a bor a nd bi l l i ng ,  a nd because  the s a l e of water may create l es s  revenue 
than fi rst  ant i c i pated . Wa ter revenue  i s  l ow becau s e  many peop l e are 
o n l y  u s i ng sma l l q uanti t i es of wa ter from the system , even though the 
payments a re s et up on  a decreas i ng rate s c hedu l e .  One reas on for th i s 
i s  becau s e  many u s ers conti nue to u se  thei r o l d sou rce of water . 9 
The cost  of p rov i d i ng a sys tem wi l l  be even h i g her i n  the futu re 
beca u s e  i nfl a t i o n  may cause h i g her cons truct i on  and o perati ng  costs  i n  
a new sys tem . l 0  Because  of these l arge and i ncrea s i ng cos ts , water 
6charl e s  Ul l ery , Rura l Commun i ty Water Sys tems : Update 1 978 
( Broo k i ngs , SD , Cooperati ve Extens i on Serv i ce , SDSU , 1 978) . 
1J orgen s en , p .  5 .  
8charl es  Ul l ery ,  Rura l Commun i ty Water Sys tems : Update 1 978 
( Broo k i ngs , SD , Cooperati ve Exten s i on Serv i ce ,  SDSU , 1 978) . 
9cha rl es  Ul l ery ,  Rura l Commun i t stems i n  South Da kota 
( Broo k i ngs , SD , Cooperati ve Exten s i on SDSU , 1 97 8  , p .  6 .  
l Oibi d .  
sys tems have to re l y  more and more on s u bs i d i e s , e i ther through  grants 
or  l ow i ntere s t  l oans . Unt i l recent ly  a l arge s hare of these  s u bs i d i e s 
have been com i ng from the FmHA . Wi th the recent Federa l B udget cuts and 
the pres s u re for more cuts  i n  the fu tu re , rura l wa ter sys tems wi l l  have 
to prove the i r u sefu l ness  to the economy . Even the n , rura l wa ter sys ­
tems can  expect l es s  he l p from the Federal Gov er nment . Therefore , the 
s tate of South  Da kota may be call ed upon to prov i de more money to rura l 
water sys tems i f  the sys tems are to expand a nd s u rv i ve .  Money i s  ava i l -
a b l e for water devel opment projects  throug h fund s  co l l ected from ETS I 
and grants from the Department of Wa ter and Natura l Resources , 1 1  but· 
because  of the compet i t i on wi th  i rri gato rs a nd o thers . for the money , 
rura l  water systems wi l l  have to s how a good rate of  retu rn to the 
economy before the s ta te may be wi l l i ng to a l l ocate money to them . 
As ment i oned before , rura l water can  affect the economy i n  many 
ways a nd there have been severa l s tudi es that have s hown the s oc i o-
l og i ca l  and phys i cal effects on the hous eho l d and the commun i ty. How-
ever few s tud i es have concentrated on  the effects of a rura l water 
4 
sys tem o n  the agri cu l tura l sector i tse l f .  Th i s proj ect wi l l  concentra te 
on how rural  water affects  l i vestock  producti v i ty a nd producti on i n  an 
eastern and we stern cou nty i n  South Da kota . Product i v i ty i n  th i s contex t 
i s  defi ned a s  the change i n  output per o ne u n i t of i nput  and produ cti on 
i s  the c hange i n  l i vesto c k  numbers . Any cha nge  i n  producti v i ty or 
111 983 State Water Pl an : 1 982  Annu a l  Report ( Depa rtment of Water 
and Na tu ra l  Resources , January ,  1 983) . 
producti on  wi l l  affect the agr i c u l tu ra l  s ector i n  the s ta te and event ­
ua l l y t h e  res t  o f  t h e  state ' s economy . 
Th i s s tu dy wi l l  be u sefu l to groups  tha t  are  co n s i der i ng i mp l e­
ment i ng a rura l water sys tem and to pol i cyma kers a nd dec i s i on ma kers 
dea l i ng wi th water rel ated i s s ues . The res u l ts of the s tudy cou l d  have 
a n  effect o n  the ava i l a bi l i ty of subs i d i es for con s truct i on  of rura l 
water sys tems . 
OBJECTIV ES 
The mai n o bj ecti ve of t h i s study was to devel o p  a methodo l ogy to 
measure the tota l effects of rura l  water on the l i ve s tock  sector of the 
agri c u l tural  economy i n  s pec i f i ed area s of South  Da kota . 
The s pec i fi c  o bjecti ves of the study were : 
1 .  To construct a model  to s imu l ate the effects  of a rura l water 
sys tem on  l i vesto c k  producti on and producti v i ty .  
2 .  To tes t the model  wi th  emp i ri ca l  data from a s urvey of l i ve­
s tock  producers i n  two South  Da kota count i es , one  l oca ted i n  ea s tern 
Sou th Da kota a nd one i n  west�rn South Da kota . D i fferences due to geo­
grap h i ca l  l ocat i on were exami ned . 
SURVEY PROCEDUR ES 
5 
Emp i r i ca l  data for thi s model were obta i ned through s urveys sent to 
ru ra l res i dents i n  two count i e s  wi th operati ona l ru ra l water sys tems . 
Because  of the d i fferi ng so i l and c l imati c cond i ti ons  i n  the two hal ves 
of the s ta te , one county was se l ected from ea s tern South Dakota and one 
from wes tern South Da kota . Th� counti es  se l ected were Tri pp Cou nty , 
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l ocated wes t  of  the Mi s s ou ri Ri ver i n  south  centra l South Da kota and 
Moody County , l ocated i n  the eastern part of South  Da kota . Moody County 
has  adequate prec i p i tati on to s u s ta i n  growth of feed g ra i ns  and much  of 
the l i vestoc k cons i s ts of feeder cattl e. Tri pp County ,  on  the other 
hand , has  l ow prec i p i tat i on a nd the l i vestoc k co ns i s t mos t l y  of ra nch 
cattl e .  Thes e  two cou nt i es  were a l s o  s e l ected beca u s e  they had bel ow 
norma l rai nfa l l amounts  i n  1980 and drought  cond i ti ons  i n  1 976 . Moody 
County was 1 3 . 39 i nc he s  be l ow norma l i n  1 97 6  and 5 . 45 i nches  be l ow 
norma l i n  1 980 . Tri pp  County was 8 . 2 1 i nches  be l ow no rma l i n  1 976 and 
2 . 3 1 i nc he s  be l ow norma l i n  1 980. 1 2 The drought. cond i ti ons  were neces ­
sary to test  the rel ati ons h i p between producti on of nonmembers and 
members duri ng yea rs of l ow preci p i tati on . Fo r t h i s s ect i o n , on l y  pro-
duct i on  d i fferences were tes ted . 
The s u rvey i ts e l f focused primari l y  on l i vesto c k  becau s e  that i s  
the  on l y  area i n  the agri cu l tura l  producti on s ecto r  i n  wh i ch rura l water 
systems have a s i gn i fi cant effec t .  The rel at i ve l y  h i g h co sts  of pro ­
v i d i ng l arge quant i t i e s  of water from ru ra l wa ter sys tems  fo r i rri gati on 
ma kes i ts u s e  fo r thi s purpose  economi ca l l y i nfea s i b l e .  
The s urvey cons i s ted of fi ve maj or secti ons . The  fi rst  s ecti on 
dea l t wi th q ue s t i ons  on the source of wa ter u s ed for wateri ng l i ves toc k 
to determi ne  i f  the res pondent was on a ru ra l water sys tem . In addi ti on , 
1 2un i ted States  Cli mato l ogi cal  Da ta--Sou t h  Da kota ( A s hevi l l e ,  NC , 
U .  S .  Depa rtmen t  of Commerce , Na ti onal  C l i mat i c Center ) . 
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res pondents were a s ked to ran k  sou rces of wa ter for each u se to i nd i cate 
thei r re l a ti ve i mporta nce . 
In the s econd major s ecti on the type of feedi ng  sys tem u s ed for 
each type of l i ve s toc k was determi ned and the factors  l i m i ti ng l i vestock  
producti on dur i ng  a norma l year were obta i ned to  determi ne i f  l i ves toc k 
product i on  wa s h i ndered by e i ther l ack  of feed or wa ter duri ng a per i od 
of norma l ra i nfa l l .  
' 
Th i s  he l ped e l im i nate bi a sed as s umpti ons  on water 
be i ng the o n l y  l im i ti ng factor . 
The t h i rd s ecti on dea l t wi th drought da ta . Res pondents were as ked 
to i nd i cate when the l a st  drought occurred i n  the i r area a nd ques ti ons  
were a s ked on  the effects of drought on producti on . 
In the fourth s ecti on the focus  of the s u rvey wa s o n  the number of 
l i ves toc k o n  hand a nd the number so l d each  year from 1 97 9  to 1 982 . Th i s 
sect i o n  was des i gned to l earn whether there were fl uctua t i ons  i n  l i ve-
s tock  producti on  duri ng  drought  years and whether there were s i gn i fi cant 
d i fferences i n  the· amount  of l i ves tock  be i ng produced by rura l water 
u s ers compa red to nonu sers . 
The l a s t  s ec t i on  wa s for rura l  water system members on l y .  The 
questi ons  were des i gned to o bta i n the opi n i ons  of ru ra l water sys tem 
members a s  to the re l a ti ons h i p between the qua l i ty of water from the 
rura l  water sys tems and l i vestock  producti v i ty .  Data from th i s sect i on 
are u sed i n  the l a s t  hal f of the mode l . Res ponden ts  were as ked how much 
they be l i eved they i ncreased thei r herd s i ze due to the avai l ab i l i ty of 
a s teady s upp l y  of water . Respondents were no t as ked to measure the 
effects that better qua l i ty water from rura l water sys tems had on 
8 
producti v i ty because  of the d i ffi c u l ti es  i nvo l ved . I n s tead they were 
a s ked on l y to i nd i cate whether or no t good qua l i ty water affected we i ght 
ga i n ,  morta l i ty ra tes , a nd/or  veteri nar i an cos ts . S i n ce these vari ab l es 
were not mea s u red , a s s umpt i ons  had to be made for t h i s part of the 
mode l . 
Rec i p i ents  of  the s u rvey were se l ected i n  two ways . Names  of rural 
water members  u s i ng 20 ,000 gal l ons  of water or more were obtai ned fr�m 
the Tr i pp County Water Us ers D i s tri ct and the B i g S i oux  Rura l Water 
Sys tem . A s urvey was sent to every one of these  members because  they 
were con s i dered l i ke l y  l i ves tock  produ cers . The res t of the rec i p i ents 
were s e l ected ra ndomly unt i l 20 percent of the res i dents l i s ted i n  the 
rura l d i rectory of each county had been  s e l ected . Two hund red and 
e l even rura l  househo l ds i n  Tri pp Cou nty were sent s urveys , of  wh i ch 1 77 
were se l ected from the d i rectory and 34 were l arge water u sers . Two 
h undred and n i nety-three rura l res i dents i n  Moody County recei ved sur­
v eys of  wh i ch 1 98 were se l ected from the d i rectory a nd 9 5  were prev i ­
o u s l y  i denti fi ed a s  l arge water u sers . Some chosen  i n  the random samp l e  
were l arge u sers a s  we l l ,  and the i r names were therefore scratched from 
the  ra ndom s amp l e l i st .  
A remi nder was sent to non- res pondents approx i ma te l y  three weeks  
a fter the ori g i na l  s urvey .  Two week s  l ater , a s ec ond survey was sent  to 
t ho s e  who s t i l l  had not res ponded . 
Of the 504 s urveys sent , 247 were returned; a res pons e  rate of 49 
percent . One tu ndred and fi fty-s i x  su rveys were rece i ved from Moody 
County; a response  rate of 53  percent ,  and 91 were recei ved from Tri pp 
County; a response  rate of 43  percent . On l y  the res pons e of those 
res pondents who were i nvol ved wi th the producti o n  of l i ves tock  were 
cons i dered usab l e for the s tudy•s a na l ys i s .  T h u s  after e l i mi nati ng the 
res pondents who d i d not ra i se l i vestock ,  1 72 s urveys were kept for 
a na l ys i s , wh i ch i s  a usabl e response rate of 34  percent . Of the usab l e 
s urveys , 1 06 were from Moody County of wh i ch 83  we re from rura l wa ter 
sys tem members a nd 23  were from nonmembers , for a u s a b l e res ponse rate 
of 36 percent . The number of u sabl e s urveys from Tri p p  County was 66 . 
Th i rty- s i x  were from rural  water sys tem members  and 30  were from non ­
members , ma k i n g  the u sab l e res ponse  rate for Tri pp Cou nty , 3 1  percent . 
RESEARCH D ES IGN 
Th i s  thes i s  i s  the second hal f of a two- part rura l wa ter proj ect . 
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I n  the fi rst  part of  the proj ect , Lundeen and Hoffman  comp i l ed data from 
s u rveys  to es ta bl i s h the extent of the separate effects  of rura l water 
on l i ve s to c k  product i on  and producti v i ty .  
A maj or part of th i s ha l f  of the study was to devel o p  a model to 
quanti fy the effects of a ru ra l  water sys tem o n  agr i c u l tural  produ ct i on 
a nd prod ucti v i ty .  L i ke the surveys , the mode l dea l s exc l u s i ve l y  i n  
l i vestock s i nce  t h i s i -s the on ly  area i n  agri cu l tu re producti on  i n  wh i ch 
ru ra l wa ter sys tems have a maj or affect .  L i ttl e ru ra l wa ter i s  used i n  
c rop produ ct i on .  
The model  i nc l udes  three maj or secti ons . The f i rst  secti on dea l s 
wi th the effects of a ru ra l water system duri ng  per i ods  of drought when 
a fa rmer m i g h t  not have enough  water to conti nue  ra i s i ng h i s norma l 
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amount of  l i ves toc k .  Wi th  a rura l water sys tem , the producer wou l d  be 
a s s u red of a s teady , re l i a b l e supp l y  of water wh i c h wou l d  enab l e h i m  to 
ma i nta i n h i s  herd s i ze .  The second secti o n  i nvo l ves the pos s i b l e i n­
creases  i n  l i vesto c k  numbers due to rura l wa ter sys tems . And the thi rd 
s ect i o n  dea l s wi th  the effects that good qua l i ty water from rural  water 
sys tems has on l i ves to c k  product i v i ty .  Thi s i nc l udes effects from 
decreas ed i nfant morta l i ty to decreased veteri nari a n  cos ts . 
The s urveys provi de emp i ri ca l data for the mode l . The res u l ts of 
the s i mu l at i on model i nd i cates the tota l effects of ru ra l wa ter on 
l i ve s to c k  prod ucti v i ty a nd prpducti on  for the samp l e  drawn . 
PLAN OF THES IS 
The l i terature rev i ew i s  conta i ned i n  Chapter II a nd Chapter I I I  
cons i s ts of  the  devel opment of the mode l . How and why the equa ti ons  
were s et u p  are exp l a i ned in  thi s chapter . In C ha pter IV , the res u l ts 
from the data that were put i nto the mode l for the two cou nti es are 
exami ned a nd compared . In Chapter V the conc l us i on s  of the study and 
recommendati o n s  for fu rt her studi e� i n  the area of rural  water and 
l i vesto c k  product i v i ty a nd produ cti on  are presented . 
C HAPTER I I  
L ITERATURE REV IEW 
Many stud i es have been conducted on the var i o u s  i mpacts of  ru ra l 
water , but very few l oo k  exten s i ve l y  at the effect s  of rura l  water 
sys tems on  agri c u l ture . In mos t  of the l i terature rev i ewed i n  thi s 
s ec ti o n  the au thors l oo k  a t  the effects on  agri c u l t u re i n  on l y  a l i m­
i ted degree . 
A s tudy by La ndry s howed that pou l try i s  the n umber one l i ves tock  
u s er of  ru ra l  water i n  Mi s s i s s i pp i . Large amounts of  wa ter are re - · 
q u i red o n  the pou l try fa rms , hatcher i es , and p roces s i ng p l ants . Her 
fi ndi ngs  s howed that rura l  water sys tems p l ay a ro l e  i n  serv i ng the 
pou l try i ndu s try at a l l these producti on l evel s .  I t  wa s a l s o  f und that 
52 percent of  the farmers q uesti oned reported an ex pans i on of fa rm 
operat i ons  s i n ce they had j o i ned a rura l water sys tem . Th i s  wa s part l y  
d u e  t o  t h e  con s ta nt water pressure provi ded by t h e  sys tems whi ch  has 
made i t  pos s i b l e  for pou l try farmers to i ns ta l l more  modern equ i pment . l 
Before the S i oux Ru ra l Water System was i ncorpora ted Lee Jorgensen 
wrote an arti c l e o n  the new ro l e  for exten s i on i n  serv i ng rura l commun -
T·- -
i ty water d i str i cts . Su rvey res ponses  from farmers wi th i n  the proposed 
sys tem i nd i cated that the number of da i ry cows i n  the area wou l d  
l srenda L a ndry ,  Economi c and Re l ated Impacts  o f  Rura l Water 
Sys tems i n  M i s s i s s i ppi (Mi s s i s s i pp i  State Un i vers i ty ,  \·Ja ter Res ources 
Res earch In s t i tu te , Ju l y ,  1 97 3 ) . 
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i ncrease  from 6 , 000 to 7 , 000 once the system was i ncorpo rated . Jorgensen 
s a i d  that Haro l d  C ampbe l l ,  an  extens i on agent from Haml i n  County , had 
e s t i mated that beef cows cou l d be i ncreased i n  number from 20 ,000 to 
54 , 000 . No  i nd i cati on was g i ven thoug h on how these  fi gures  were de­
. d 2 r 1ve . 
Jorgensen · s ays  that l i vestock do not l i ke the  tas te of h i g h ly  
mi nera l i zed water so  i ns tead of dri n ki ng the  water , they w i l l  dri nk 
runoff or contami nated water . He states that muc h  of  the wa ter i n  the 
rura l a reas  i s  bei ng contami nated due to i ncreases  i n  the number of 
l i ve s toc k and fert i l i zer u s e�3 
S h u l z conducted a s tudy on water use  rates for rura l water systems 
i n  Iowa wh i c h s howed that  da i ry cattl e and , to a l es ser  extent feeder 
catt l e ,  are the l argest  l i vestoc k u sers of water . It wa s found that 
hogs , s heep , a nd pou l try u.se  a rel ati vel y sma l l amou n t  of water . Th i s , 
a l ong w i th  the number  of l i vestock , thei r we i ght , and  the  temperature 
hel p determi ne the i mportance of a rural  water sys tem to a farmer . 4 
Ja necek , Ne l son , and Wi tz conducted a s tudy i n  wh i c h North Dakot�'.s 
fi rs t rura l water sys tem was eva l uated through t he u s e  of surveys and 
the mea s u ri ng of water u sage . By s u rveyi ng both  members  and nonmembers , 
2Jorgensen , p .  7 .  
3Jorgensen , p .  1 0 .  
4R .  S .  Shu l z ,  Water Use  Rates for Rura l Wa ter Sys tems (Ames , Iowa , 
Iowa State Uni vers i ty ,  Ma sters Thesi s ,  1 975) . 
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they fou nd that  both member a nd nonmember l i ves to c k  producti on  de­
creased , but member producti o n  decreased at a l ower rate . They a l so  
s a i d though , t ha t  the  area they s urveyed had  very few l i vesto c k  and wa s 
therefore not  app l i cab l e for u se i n  esti mati ng the effect of a rura l 
wa ter sys tem o n  l i vestoc k producti on . 5 
L u ndeen a nd J a n ss en d i d  a s tudy on  the effects of i ns ta l l i ng the 
Broo ki n g s  Deu e l  Ru ra l Wa ter System on the revenues  a nd expend i tu res of 
the l oca l  governments wh i ch serve the members  of  tha t sys tem . They 
s u rveyed l i ves toc k producers but recei ved too few responses to tes t fo r 
c hanges i n  l i ve s tock  produ ct i Dn , a l though  the genera l d i rect i o n  of 
change for a l l l i ves toc k was an i ncrease . 6 
Toman d i d  a t hes i s on t he economi c i mpacts of North Da kota's fi rs t 
ru ra l  water d i s tr i ct . He s urveyed both members a nd nonmembers and a s ked 
respondents to l i s t  the number of l i vestock  they had on hand i n  197 2 , 
wh i ch wa s the year the sys tem went i nto operati on , a nd then l i st the· 
number of l i ves to c k  they had i n  1974 . He found  tha t the number of swi ne 
produced by rura l water system members had i ncreas ed wh i l e  no nmembers 
decreas ed the number of swi ne they produ ced . Bu t he a l s o  fou nd that 
duri ng t h i s peri od there was a s u bstanti a l  i ncreas e  i n  beef catt l e 
Swi l l i am Ne l son , Co l l a  Ja nece k , and R i c ha rd W i tz , Eva l uati on 
of North Da kota ' s  Fi rst Ru ra l Water Sys tem ( Fargo , NO , North Da kota 
Ag ri cu l tura l Experi ment Stat i on ,  NDSU , J u l y , 197 6) , pp. 80-81 . 
6Ardel l e  Lu ndeen a nd Larry Jans sen , Effects of  Rura l  Water Sys tems 
on Loca l  Gov ernment Revenu e and Ex end i tu res in Se l ected Cou nties of 
South  Da kota rooki ng s , SO , WRI  Comp l et i o n  Report , December , 1979 , p. 
9 1  . 
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product i on  by nonmembers whi l e  there was a s l i ght  decrea s e  i n  beef pro-· 
duct i on  by members . The average number of l i ves tock  per p roducer de­
creas ed for both  members and nonmembers , but the average number per 
producer was hig her for members than i t  wa s for no nmembers .  Overa l l ,  
both  mem be rs a nd nonmembers decrea s ed the i r l i ves tock  produ cti on , wi th 
nonmembers decrea s i ng producti on  four  percent more than members wi thi n 
the peri od . These  f i nd i ngs  coul d tend to be m i s l ead i ng s i nce Toman 
s ta ted that  t he few who specia l i zed i n  l i ve s to c k  producti on  i n  the area 
u nder study a l ready had an adequate water s u pp l y  ava i l ab l e for l i ves toc k 
producti on before the rural w�ter sys tem was . i nsta l l ed .
7 
Smythe s tud i ed the economi c i mpact of a rura l water d i s tri ct  i n  
Kansas  o n  the reg i ons  served . I n  h i s surveys , he found that around 70 
percent of the farmers who s pec i a l i zed i n  l i vestock  producti on had 
i ncreased thei r numbe� of l i ve s toc k due to rura l water sys tems . Forty­
three fa rmers had an  i ncrease  i n  l i ves toc k va l ua ti on of abo ut $ 1 55 , 250 . 
The method for ca l cu l ati ng thi s fi gure was not i nd i ca ted . 8 
Janovec a nd Ges saman attempted to mea s u re the expected effects  i f  a 
ru ra l  water system ceased to ex i s t . They i ntervi ewed 39 l a rge-s ca l e  
l i vestoc k producti on u n i ts , wi th one res pondent havi ng two un i ts , 
ma ki ng a tota l of  40 product i on u n i ts . They fou nd that s i x  of the 40 
l i ves toc k producers they surveyed wou l d  decrea se  the number of l i vestock 
7Norman Toman , Economi c Im  act of North Da kota's Fi rst  Rura l 
Water Di s tri ct ( Fa rgo , NO , M . S .  Thes1s , NDS U , 1 9  
8Pa tr i c k Smythe , Economi c Impact of a Rura l Water Sys tem ( Man ­
hattan , Ka n s a s  State Univers i ty Cooperat i ve Ex tens i on Serv i ce ,  Kansas  
State Un i vers i ty ,  1969 ) . 
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ra i sed . None of the res pondents.i ndi cated that  the l os s  of the rura l 
water wou l d l ead  to the ces sati on of the producti on of a s peci fi c type 
of l i ves toc k .  Th i rty producers s a i d the i r  water con s ump t i on wou l d not 
change . Around two- th i rd s  of the s ample reported that  l i ves tock  pro -
duct i on  wou l d  rema i n  the same i f  the rura l water sys tem ceas ed to ex i st . 
The rema i n i ng one- th i rd expected cost l y effects .  On l y  a few producers 
est ima ted do l l ar v a l ues  of the expected effects . From the res ponse£ 
recei ved ,  the authors est imated i ncrea ses i n  feed cos t  per head from 
$ . 25 to $ 1 . 08 for feed l ot cattl e and from $ . 40 to $ 2 . 40 per head for 
fi n i s hed p i g s . Veteri na ry cnsts were es t i ma ted to i ncrease  from $ . 70 
to $ 1 . 00 per head for feed l ot cattl e and $ . 50 to $ 2 . 00 per head for fi n­
i s hed p i g s . 9 
Twenty out  of  29  un i ts expected yea r l y  cos t s  fo r ru ra l wa ter to be 
h i g her than i f  they u s ed a pri vate water sys tem . The  au thors cl a i med 
thei r data i nd i cated that the respondents be l i eve that  the rura l water 
wa s worth the add i t i ona l cos t  becau se  of conven i ence , qua l i ty ,  and l ow 
r i s k  facto r . But  actu a l  costs of water s upp l i es from pri vate sources 
may be cons i dera bl y  grea ter than what  a res pondent percei ves . For ex­
amp l e ,  costs  that need to be con s i dered wi th  a wel l are : the cos t  of 
the we l l i ts e l f (whi ch wou l d  i nc l ude i nteres t cos ts) , deprec i ati on 
costs , ma i ntenance and operati ng ex pen�es . l O  
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In a South  Da kota rural water s u rvey conducted by the Water Re­
s ou rces In s t i tute , i t  was fou nd that 18 percent of the farmers sa i d that 
l i ves to c k  producti v i ty cou l d  be i ncreas ed over 5 percent wi th good 
qua l i ty water . Th i rty-n i ne percent of the respondents s a i d they cou l d  
i ncrea s e  the i r l i ve s tock  product i on by. 5.percent o r  more i f  they had a 
mo re adequate water s upp l y .  The su rvey was sent to 10 percent of the 
fa rmsteads  i n  Sout h  Da kota and the res ponse  rate was approxi mate l y  10 
percen t . l l  
In a no ther s tudy u s i ng the data from the SO Rura l Water Survey , the 
i n creas e  i n  i ncome over di rect expenses  wh i ch wou l d  occur wi th the a bove 
i ncrea s e s  i n  l i ve s to c k  producti on was est imated . The average do l l a r 
va l ue i ncrea s e  for Ea s t  R i ver respondents  who hau l ed the i r water was 
$9 , 213 . The average va l ue for the others was $4 , 373 . For respondents 
i n  Wes t  R i ver who hau l ed the i r  water i t  wa s $12 , 038 , and  for the res t i n  
Wes t  R i ver i t  wa s $2 , 019.12 
The effec t  of good qua l i ty water on l i ve s tock  producti v i ty i s  not 
certa i n ,  but s tudi es  s eem to s how that certa i n  e l ements  i n  the water can 
have a negati ve  affect on  producti v i ty .  
N i trates i n  the water are one area of concern . N i tra tes i n  South 
Da kota water ori g i nate ma i n l y  from those  wh i ch occur  natura l l y  in the 
so i l . N i trates themse l ves are not too toxi c ,  bu t o nce t hey enter the 
l l sou th Da kota Ru ra l  Water Su rvey ( Water Reso u rces  Inst i tute , 
SDSU , Ju l y  1 97 6 ) , p .  l. 
1 2George Morse , Ardel l e  Lundeen , and Dav i d  Peterson , Economi c 
S i mu l at i on of Costs  a nd Savi n s From Bel on  i n  To Ru ra l  Water S stems 
Brook i ngs , SO , Economi cs  Department , SOSU , October 197 7  , p .  1 7 .  
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fi rst  s tomach  of a cow or s heep , the mi croorgan i sms that are present  
change  the  n i trates to  n i tr i tes  wh i ch are  very tox i c .  In an arti c l e by 
O l son , Emeri c k , a nd L u bi nus  i t  i s  stated that  water conta i n i ng suffi ­
c i ent n i trates to caus e l i vestock po i soni ng i s  very s e l dom fou nd i n  
South Oa kota . 1 3  
The presence of sod i um s u l fates i n  l i ves tock  water cou l d  be another 
factor affecti ng l i vestock product i v i ty .  However , experi ments by • 
Pa terson , Wa h l s trom , L i bal , and Ol son found that  sod i um s u l fa tes are not 
a fac.tor i n  swi ne reproducti on . In the i r exper i ments  they added between 
320 and 5 , 060 p pm of sod i um s u l fate to the dri n ki n g  wa ter of pregnant 
s ows and young p i g s . They fou nd no s i gn i f i cant  d i fferences i n  gestati on 
or  l actati on  g a i n s , nor d i d they fi nd d i fferences i n  the number or 
we i g ht of p i gs at bi rt h  . . However , h i g h  l evel s of s u l fa te i n  the water 
have been shown to cau se scouri ng i n  you ng p i g s . l 4  
H i g h  sa l t  concentra ti ons  are another factor that  cou l d  affect 
producti v i ty .  Accord i ng to the Nati ona l Academy of Sci ences , wa ter wi th 
tota l s o l u bl e s a l ts  equa l i ng l es s  than 3 , 000 mi l l i g rams per l i ter i s  
sat i sfactory for a l l c l a s ses  of l i ves tock and po u l try . Between 3 , 000 
and 5 , 000 the water s hou l d be sati sfactory for l i ves tock  bu t poor for 
pou l try becau s e  of the chance of i ncreased morta l i ty and decreased 
growth . Between 5 , 000 a nd 7 , 000 , the water ca n be u s ed wi th reasonabl e 
1 3o .  E .  O l son , R .  J .  Emeri ck , a nd L .  L ub i n u s , N i trate s  i n  L i ve­
stoc k Waters ( Broo ki ngs , SO , C ES/USOA , FS 603 SO , 1 973) . 
1 4  D .  W .  Paterso n , R .  C .  Wa h l s trom , G .  W .  L i ba l , and 0 .  E .  O l son , 
Effects of S u l fate i n  Water on Swi ne Re roduct i on a nd You n  Pi 
Performance Journ a l  of An i mal Sci ence , Vo l . 49 , No . 3 ,  1 979 . 
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safety for mos t l i ve s toc k bu t s hou l d be kept away from pregnant and 
l actati ng an i ma l s .  Between 7 , 000 and 10 , 000 the water i s  u nfi t for both 
pou l try and  swi ne  and  i n  genera l s hou l d be avoi ded . W i th  water that 
conta i ns more than 10 , 000 mi l l i grams per l i ter , the ri s k s  are too grea t 
to recommend u s e  u nder any cond i ti on.15 
In a study reported by South Da kota Farm and Home Res ea rch , 167 
surface waters  were ana l yzed for s a l t content .  Seventy-fou r  percent 
tes ted more than 7 , 000 mi l l i grams of s o l u b l e s a l ts  per l i ter . Of the 
393 ground waters s ampl ed , 8 percent tes ted more than  7 , 000 mi l l i grams 
per l i ter . T h i s was not a random sampl e becau s e  o n l y waters s u s pected 
of h i g h s a l t content were tes ted , but  the s tudy does s how that there 
are p l aces  i n  South  Da kota wi th h i g h  s a l t conten t . l 6  
In the s ame s tudy i t  _wa s est ima ted that  better qua l i ty wa ter cou l d  
i mprove South  Da kota l i ves tock  producti v i ty by 5 percent . It was a l so  
s ta ted that each percent of i mprovement acro s s  the s tate cou l d add 
another $ 10 , 000 , 000 to Sou th Da kota•s annu a l  l i ves to c k  i ncome . l 7  
The i nforma t i on presented i n  th i s  revi-ew i nd i cate s  that  there are 
confl i ct i ng v i ews  on the returns rura l water sys tems pro v i de to the 
agri cu l tu ra l  economy . In the next chapter a model  i s  deve l oped wh i c h i s  
u s ed to he l p mea s u re these pos s i bl e  return s . 
15N u tri ents  a nd Tox i c Su bstances i n  Wa ter_ for L i v es tock and Pou l try 
( Wa s h i ng ton , D . C . , Nati o na l Academy of Sci en ce , 1974) . 
160 .  E .  O l s o n , C .  W .  Carl son , L .  B .  Embry , R .  J .  Emeri c k , and R .  C. 
Wa h l strom , Water for L i ves toc k ( South Da kota Farm and Home Res earch , 
Vo l . XX IX , No . ·2, Spr i ng 1978) . 
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C HAPTER I I I  
D EV ELOPMENT OF THE MODEL 
Many rura l  water u s er s  c l a i m  that the sys tems have a s ubstant i a l  
pos i ti ve effect o n  agri cul tura l producti v i ty a n d  product i o n .  A model  i s  
presented i n  t h i s c hapter t o  quanti fy the economi c effects  o f  rura l 
water sys tems o n  agri cu l tu re . 
The mode l  i s :  
W = f ( X , Y , Z ) 
Where W = The i ncreas e  i n  revenue to the agri cu l tu ra l 
sector due to the presence of ru ra l  water  sys tems . 
X = Revenue from l i ves tock  produ cti on whi ch wou l d 
have been l ost  becau s e  of drought i f  rural water 
systems were not i n  p l ac·e .  
Y = Increased revenue due to greater capac i ty for 
more l i vestock by us i ng rura l  wa ter . 
Z = In creased revenue due to greater producti v i ty 
because  of good qua l i ty wa ter . 
Vari a bl e X i s  a ffected by fi ve s u bvari ab l es . T he equati on  i s : 
X = f (A , B , C , D , E ) 
Where A = Truck i ng cos ts . 
B = Pa s ture fees . 
C = Revenue l os t  from l i ves tock not purchas ed due to 
droug ht . 
D = Revenue l os t  from se l l i ng l i vesto c k  earl y .  
E = Frequency o f  droughts . 
20 
T he vari a b l e A i nvo l ves the truck i ng co sts  of hav i n g  to trans port 
l i ves toc k  duri ng·drought peri ods . When a fa rmer does not  have adequate 
water avai l a b l e for h i s l i vestoc k and does not want  to se l l them at  that 
t i me , the farmer can transport h i s l i ves tock to another l oca ti on i n  
wh i ch wa ter i s  ava i l ab l e .  The i nformati on o n  how many peo p l e di d trdns­
port the i r  l i ves tock  comes from the s urveys of the nonus ers i n  the two 
count i es . Care wa s ta ken to s epara te the respondents  who transported 
l i vestoc k from l ac k  of feed . and pas ture l and i ns tead of a l ow supp l y  of 
water . 
The s h i pp i ng cost  coeffi c i ent i s  ba sed on rates s et u p  by the 
Pu b l i c  Uti l i ti es Commi s s i on .  The rate , expres sed i n  hundredwe i g hts , 
va ri es by the  tota l we i g ht of the l i vestock and the d i s tance tra ve l ed .  
Th i s rate i s  then mu l t i pl i ed by the tota l wei g ht o f  a l l the l i vestock  
bei ng tra n sported d i v i ded by 1 00 .  
A fee i s  charged to keep the l i vestock a t  the d i s tant  l ocati on . 
Thi s i s  the B vari a b l e .  To ach i eve an average cha rge  for boa rdi ng the 
l i ve s toc k , coeffi c i ents were deri ved by agri cu l tural  economi sts  at SDSU . 
The coeffi c i en ts do  not i nc l ude a charge for feed. or  veter i nary servi ces 
s i nce those costs  wou l d  be pai d whether the produ cer tra ns ported h i s 
l i ves toc k or  not . The coeffi c i ents  vary by the number of  head of l i ve­
s tock  and the charge i s  ca l cu l ated by mu l ti p l y i ng the coeffi c i ent by the 
number of head and the number of days the l i ve s toc k are boarded out . 
Others that u s e  th i s mode l rna� wi s h  to u se  s peci fi c fees charged i n  a . 
2 1  
certa i n a rea i ns tead of  u s i ng the coeffi c i ents prov i ded s i nce the co­
effi c i ents  a re averages and therefore not a s  preci s e . In th i s  study , 
the tota l number of l i vestoc k boarded out was deri ved from the su rveys 
a nd wi l l  be the s ame as that whi ch  was tra n s ported . 
The  C var i a b l e i s  the revenue that i s  l os t  from l i ves to c k  wh i ch i s  
not purchased because  of the droug ht . Every yea r farmers purchase 
l i vestock for vari ou s reas ons . In l arge operati ons , ca l ves may have to 
be purchased to rep l ace cu l l cows i n  order to ma i n ta i n the herd s i ze and 
i n  young o perati ons  farmers wi l l  want to i ncreas e  the i r herd s i ze so  
they can  reach  the capac i ty of thei r a s s ets . The you ng farmer may want 
to i ncreas e  h i s herd s i ze if he can do i t  wi thout i ncrea s i ng h i s fi xed 
cos ts . Duri ng  a drought the growth of the herd may be a rres ted because  
of the  l ac k  of water . 
The s o l ut i on to thi s vari a b l e i s  found by mu l t i p l yi ng the number of 
head of l i ve s tock  that are not purchased beca u s e  of a l a ck  of adequate 
water by the average return per head . The average retu rn per head i s  
di fferent for each  type of l i ves tock  and therefore , a separa te equati on 
for each i s  needed . S i nce the number of head not purchased wa s not 
a s ked on the s urveys , the i nformati on  needed for t h i s questi on  was 
deri ved i nd i rect l y .  Fi rst , from res pondents who c l a imed tha t water was 
a l i mi t i ng  factor du ri ng a droug ht , the number of  l i ves tock on hand for 
eac h  yea r  s i nce 1979 was fou nd and compared to the t i me peri od they s a i d 
they were havi ng a drou g ht . Researchers u s i ng t h i s model  i n  the future 
s hou l d a ttempt to arri ve at  the number of head d i rectl y  s i nce there 
cou l d  pos s i bl y  be other reasons  for d i fferences i n  l i ves tock  numbers 
22 
between years . Average return to l abor a nd management per head i s  equa l 
to the added revenue from one add i ti ona l head of l i ves tock  mi nus  the 
vari ab l e ,  a nd fi xed co sts  i nvol ved wi th  prov i d i n g  for that head . The 
cos t  of l a bor  i s  not i nc l uded . Th i s  i nformati on  comes from a l i ves tock 
budget boo k l et obta i ned throug h  the Agri c u l tura l Exp er i ment Stati on at 
S DSU . 
A d rought  wh i ch l im i ts the amount of ava i l ab l e wa ter may force 
farmers to se l l the i r l i vestock  before they rea ch the i r max i mum we i g ht .  
Th i s  i s  the vari a bl e D a nd i t  i s  fou nd by mu l t i p l y i n g  the number of 
pounds the cattl e were be l ow the optimum we i ght ·when so l d ti mes the . 
pri ce per pound . Su btracted from th i s  tota l i s  the cos t  of  feed per day 
t i mes the number of extra days the cattl e wou l d  ha ve been kept . Thi s 
tota l i s  then mu l ti p l i ed by the number of head of  ca tt l e s o l d earl y . A 
separate equa t i o n  i s  needed each t i me the number of extra days the 
l i ves toc k wou l d  ha ve been kept changes . The i mporta nce of the sel l i ng 
t i me i s  ma i n l y  connected to catt l e on feed so  t h i s i s  the on l y  cattl e 
group  u s ed here . The other l i ves tock  grou ps  were not i nc l uded beca use 
of the s hort durat i on  needed for maturi ty . · The i nformati on  needed for 
the number of head of cattl e so l d earl y i s  found through the s urveys .  
The average number of pou nds  l es s  than opti mum i s  fou nd throug h both  the 
s u rveys and the l i ves tock budgets . A l s o , the average da i l y  i ncrease can 
be fou nd i n  the budgets . Through the s u rveys , the num ber  of extra days 
the cattl e wou l d  have been kept i s  obta i ned and then mu l ti p l i ed by the 
average da i l y woi g ht i ncreas e  to come up  wi t h  the number of pounds l es s  
than  opti mum . The pr i ce per pound and the cos t  of feed per day can be 
found i n  the l i ves tock  budgets . 
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The E var i a b l e meas u res the frequency· of droug h ts . The coeffi c i ent 
i s  the rec i proca l of the average number of yea rs between droughts  for 
that geogra p h i ca l reg i on .  The average number of yea rs between droughts 
for the counti es  u sed i n  thi s study was deri ved by o bs erv i ng data ob­
ta i ned from W i l l i am Lytl e ,  an  a s soci ate profes sor  i n  the Agri cu l tu ra l 
Eng i neeri ng Depa rtment at SDSU . He supp l i ed data o n  droug ht occurences 
i n  Moody and Tri p p  counti e s  s i nce the 1 93o•s . No  spec i fi c  pattern 
emerged from the i nformat i on but through averag i ng ,  an ap proxi mati on of 
the number of years  between droughts  wa s deri ved . 
The fi na l va l ue for X i s_fi gured by add i ng the vari a b l es  A , B , C ,. and 
D and mu l t i p l yi ng by the coeffi c i ent E ,  wh i ch g i ves  an  average yea rl y 
va l ue for the revenue wh i ch wou l d have been l os t  from l i ves toc k pro­
duct i on i f  ru ra l water sys tems were not i n  p l a ce dur i ng droughts . 
The s econd major vari ab l e ,  Y ,  i s  the s ummati on  of the i ncreas ed 
revenue from a l l l i ves tock  types due to the greater capaci ty for more 
l i vestock by u s i ng rura l water . The vari a b l e's va l ue i s  found by mu l t i ­
p l yi ng the number of addi t i ona l l i vestock by the a ve rage return per head 
for each typ e  of l i vestoc k . The numbers for add i t i ona l l i ves toc k were 
o bta i ned through  s urveys sent to ru ra l water sys tem members on l y  and the 
average retu rn per head i s  the s ame as i n  vari a b l e C .  
The l as t  major vari ab l e ,  Z ,  dea l s wi th the effects that goad qua l ­
i ty wa ter ha s on  agri cu l tu ra l producti v i ty .  
The equ a t i on  i s :  
Z = f(H , I , J) 
Where H = Feed costs saved by better we i g h t  ga i n .  
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I = Increas ed revenue from decreas ed i nfant morta l i ty .  
J = Reduced veter i nari an  costs  for l i ves tock  because  of 
the avai l ab i l i ty of good qua l i ty water from a rural 
water system . 
The vari a bl e Z i s  d i ffi cu l t  to mea s ure becau s e  of the l ack  of 
evi dence over whether some e l ements i n  the water decreas e  l i ves toc k 
p roduct i v i ty .  As  menti oned earl i er ,  farmers  were  not as ked i n  the su r­
veys  to quanti fy the effects  that good qua l i ty water has on l i vestock 
producti on  becau s e  of  the d i ffi cu l ty i nvol ved . To come up wi th  a 
s o l ut i on , a s s umpt i ons  had to_be made i n  H , I ,  and  J .  
The vari a bl e H i s  arri ved at  by fi rs t d i v i d i ng the p l anned se_ l l i ng 
wei g ht of the l i ves tock  by i ts normal  average da i l y wei g ht i ncrease .  The 
res u l ti ng fi g u re i s  the number of days req u i red for the l i ves tock to 
ma ke wei g ht . Su btracted from th i s  fi gure i s  the p l a nned se l l i ng wei g ht 
d i v i ded by the average dai l y  wei g ht i ncrease  due to rural  water wh i ch i s  
the number of  days req u i red for l i ves tock to make  we i g ht i f  they are on 
rura l  wate r .  The d i fference between these two i s  then mu l ti p l i ed by 
da i l y feed cos ts to determi ne pos s i bl e  sav i ng s  for a s i ng l e head and 
fi na l l y , t h i s an swer i s  mu l t i p l i ed by the tota l number of l i ves toc k to 
arri ve at the tota l sav i ng s . Wi th thi s vari ab l e i t  i s  a s s umed that 
pr i ces wi l l  s tay rel ati vel y constant and wi l l  not  affect ti me of sa l e .  
The i deal  s e l l i ng wei g ht ,  the normal a verage  da i l y wei g ht i ncreas e ,  
and  the feed cos ts are obta i ned from the l i vestock budgets . Because  the 
s urveys d i d not o bta i n the fi gures for we i ght i ncrea ses  du e to ru ral 
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water , sens i ti v i ty a na l ys i s i s  u sed a s s umi ng i nc reas es i n  producti v i ty 
of 1 percent , 2.5 percent , a nd 5 percent. 
T he s o l u t i on  to vari a b l e I i s  found by mu l ti pl y i ng the normal i n­
fant morta l i ty rate by the number of head of l i ves to c k  and from th i s ,  
s u btracti ng the  i nfant morta l i ty rate due to rura l water t imes the 
number of l i ve s toc k ,  thus deri v i ng the number of l i ves tock  saved due to 
rura l water . Th i s  a nswer i s  then mu l ti pl i ed by the return to l abor nnd 
management  per head to arr i ve at I .  The l i ves tock budgets i nd i cate 
average i nfant  morta l i ty rates . S i nce the i nfant morta l i ty rates due to 
rura l water are d i ffi cu l t to measure , responden ts were not as ked to 
meas ure t h i s vari a bl e so aga i n a sens i ti v i ty ana l y s i s  i s  u s ed a s s umi ng 
morta l i ty rates cou l d be decreas ed by 1 percent ,  2 . 5  percent , and 5 
percent . 
The vari a b l e J i s  fi gured by mu l t i pl y i ng  the norma l veteri nari an  
cos t s  by the n umber  of head of l i vestock . Subtracted from thi s are the 
veteri nari an  costs i ncurred i f  on rura l water t i me s  the number of l i ve­
s toc k .  The average veteri nari an  costs  are found  i n  the l i vestock 
budgets and aga i n ,  because  of the d i ffi cu l ty of determi n i ng  accurate 
sav i ngs  i n  veteri n ar i an costs  due to rura l wate r , a s e ns i ti v i ty ana l ys i s  
i s  u sed a s s umi ng veteri nari an costs  decreased by 1 percent ,  2 . 5 percent , 
a nd 5 percent .  
Va l ues  for Z are fou nd by addi ng H ,  I ,  and J to gether at the 1 
percen t , 2 . 5 percent , a nd 5 percent l evel s ,  g i v i ng three di fferent 
answers for Z .  
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The fi na l so l u t i o n  for W i s  fou nd by add i ng ea c h  of the three 
answers from Z to X and  Y to come u p  wi th three d i fferent answers for W .· 
The  model  i s  capabl e of deri v i ng the economi c i mpact from i nfor­
mati o n  o btai ned from other counti es i n  South  Dakota or o ther s tates as 
we l l .  It can  a l so  be u sed to determi ne  the economi c i mpact at  a more 
l oca l l evel  or i t  can  be expanded to a reg i on or state l evel . 
A computer prog ram has  been deve l oped for the  model  wh i ch i s  av�i l ­
a b l e from the Economi c s  Depa rtment at South  Da kota State U n i vers i ty .  
S i mu l at i on run s  for the resu l ts presented i n  C ha pter IV are contai ned i n  
Append i x  I I .  
C HAPTER IV 
RESU LTS . 
The res u l ts  presented i n  thi s chapte� are on l y for the samp l es 
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drawn i n  the two count i es  surveyed . The se  es u l ts  wi l l  i nd i cate the 
i ncrease i n  revenue for the samp l e s u rveyed for a one-year peri od . To 
enab l e compari sons , the revenues were further broken down to a per 
an ima l  u n i t ba s i s .  Some res u l ts  presented are not prec i s e  beca u se of 
the d i ff i c u l ty i nvol ved i n  mea suri ng water qua l i ty .  Answers are pro ­
vi ded for a broad s pectrum of_pos s i b l e  qua l i ty effects  provi d i ng a 
s e l ect i on  of res u l ts for a g i ven number of producers . 
Forty- three respondents from Tri pp  County owned l i ve s tock i n  1982 . 
Of th i s  number , 23 were rura 1 water u sers and 20 we·re nonusers . To-
gether they owned 1 0 , 237 head of cattl e ,  6 ,71 3 head of swi ne and 65 head 
of s heep for a tota l of 17 , 015 head of l i vestock . In Moody Cou nty ,  77 
res pondents  owned l i ves toc k i n  1982 . Of th i s  number , 58 were ru ra l 
water u s er s  a nd 19 were nonusers . Together they owned 9 , 410 head of 
cattl e ,  1 4 ,750 head of swi ne and 2 , 007 head of s heep for a total  of 
26 , 167 head of l i ve s toc k . The number of producers and the number of 
ea ch type of l i ves to c k  for both  coun ti es are pres ented i n  Ta bl es 1 a nd 
2 .  These  numbers may va ry from those presented i n  the  fi rst  report 
( Hoffman , et a l . ) ,  because  some of the res pondents were found to l i ve i n  
co unt i es other than  Tri p p  or Moody , and wh i l e  the fi r s t  s tudy i ncl uded 
these , t h i s s tudy does not . 
Sens i ti vi ty a na l yses  of water qua l i ty effects a t  three separate 




Non Users 1 5 
Users 2 1 05 
Totals 3 1 1 0 
* 
P = number of producers . 
** L = number of li vestock . 
TABLE 1 
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1 7  1 429 
Breeding Feeder 
. Hogs P i gs 
p L p L 
9 563 8 31 60 
9 3 50 8 2640 












NUMBER OF PRODUCERS AND LI VESTOCK BY TYPE 
Moody County 
Mi l k  Cows Hei fers Beef Cows Ca ttl e Over Cattl e Under 
500 l bs .  500 l bs .  
p* L** p L p L p L p L 
Non Users 6 1 27 5 82 1 3  643 9 987 7 422 
Users 1 2  720 9 462 28 1 859 27 2987 1 7  1 1 2 1  
Total s 1 8  847 1 4  544 41 2502 36 3974 24 1 543 
* 
P = number of producers . 
**
L = number of l i ves tock . 
Breed i ng 
Hogs 
p L p 
3 1 1 2 6 
1 3  764 30 
1 6  876 36 
Feeder Sheep 
Pigs 
L p L 
2275  3 720 
1 1 599 5 1 287 




the effect of  pri ces , the model  wa s ru n us i ng budgets from two s epa rate 
t i me per i od s . Th i s prov i des for fou r  grou ps o f  an swer s , two for Tri pp 
County u s i ng the two t ime peri ods and two for Moody County , and i n  each 
of the s e  g ro u p s  there are three answers due to the percentage changes i n  
q ua l i ty ,  creat i ng twe l ve fi na l  res u l ts .  
B ecau se  i t  was a s sumed that res pondents wou l d  be a b l e to provi de 
the mos t  accurate i nformati on  on l i ves tock  numbers cu rrent l y  i n  i nver ­
tory , 1 982 w a s  chosen  as  one o f  the years . I n  1 98 2  there was a reces­
s i on a ffecti ng pri ces . To s how the effect of a reces s i on on  the model  • s  
ou tcome , the model  was a l so r�n u s i ng 1 982 l i ve s to c k  n umbers and 1 980 ' s 
budg et s , a year when  catt l e pri ces and i nput pr i ces  were h i g her  than i n  
1 982 . 
The f i rs t  gro u p  to be - exami ned i s  Tri pp , 1 980 . Two producers from 
the Tri p p  s u rveys sa i d  they transported l i vestoc k  du ri ng droug hts , 
provi d i ng  i nformati o n  for va ri abl es A and  B .  In t h i s secti on  data from 
each  i nd i vi du a l  that s a i d they trans ported l i vs to c k  are computed i nd i ­
v i du a l l y  beca u se of c hang i ng coeffi c i ents . One producer s h i pped 375  
head of catt l e 2 1 2 mi l es and kept them at  thei r l ocati on for 7 5  days . 
The shi pp i ng fee wa s $ 2 , 504 . 24 and board i ng charges  were $ 2 , 81 2 . 50 .  The 
other producer shi p ped 30 head of catt l e a d i s ta nce of 1 50 mi l es and 
kept them at the i r l ocat i on for 1 20 days . The s h i pp i ng  fee for thi s 
producer was o n l y  $252 . The board i ng charges were $838 . 80 .  The tota l 
truc ki ng c ha rge for the two producers , vari ab l e A ,  i s  $2 , 756 . 24 .  The 
tota l boardi ng c harges for the two produ cers , vari a b l e B ,  are $3 , 65 1 . 30 . 
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As  expl a i ned earl i er ,  rec i pi ents  o f  the s urvey were n o t  as ked to 
i nd i cate the amount of l i ves tock  not purchased due to the drough t .  
After go i ng through the i nd i rect procedu re des cr i bed ear l i er ( see page 
2 1 ) ,  i t  was d etermi ned tha t no revenue was l os t  from l i ves toc k  not 
purchased due to a drought , ma k i ng the var i a bl e C equ a l zero . 
I n  the D vari a b l e ,  the revenue that i s  l os t  from sel l i ng cattl e 
earl y ,  o n l y cattl e o n  feed over or under 500 l bs .  were i nc l uded . Whe n 
thes e a n i ma l s reach  thei r pl a nned wei ght , they a re s en t  to market for 
s l aughter . I f  a l ac k  of water forces a producer to s el l t he cattl e 
before they reach  th i s wei ght ,_ a l os s  wi l l  occur . I t  i s  a s s umed that 
catt l e pri ces and  the cos t  of feed per day rema i n  the s ame over ti me .  
The budget i nd i cates that  cattl e over 500 pounds ga i n 67 5 pounds i n  360 
days for 1 . 88 pounds per day . The pri ce recei ved per pound i n  the 1 980 
budget wa s $ . 70 .  
Annua l feed csots  from the 1 980 budget are : 
Corn $ 78 . 30 
Corn S i l age 83 . 70 
A l fa l fa Hay . 27 . 00 
Aftermath 
Ca ttl e suppl ement 
To ta l 
The feed cos t per day equa l s $ . 59 .  
7 . 00 
1 6 . 42 
$2 1 2 . 42 
The data from eac h  producer who responded to t h i s ques t i on  were run 
through the equat i on  i n  th i s sect i on separatel y .  D wa s then ca l cu l ated 
by add i ng the l o s s es from a l l �reducers . 
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Fou r  prod u cers had cattl e over 500 pounds that  were s o l d ea rl y. 
The i r po s s i b l e  l os t  revenue i s  be l ow .  
Producer No . of  Days No . of Catt l e Los s 
So l d  Ea rl y So l d  Ea r l y  
1 30 80 $ 1 , 742 . 40 
2 1 80 1 00 1 3 , 068 . 00 
3 90 50 3 , 267 . 00 
4 21 0 50 7 , 623 . 00 
Tota l = $ 25 , 700 . 40 
F i v e  of the res pondents sa i d  that the i r cattl e were under 500 
pounds when they were so l d  earl y .  A d i fferent budget i s  used  for 
you nger cattl e becau se they wi l l  ha ve sma l l er feed cos ts a nd are worth 
more per pound than l arge cattl e .  I n  th i s  budget catt l e u nder 500 
pounds ga i n 1 7 5 pou nd s  i n  a hal f a year . Th i s i s  . 97 pounds per day . 
The se l l i ng pr i ce per pound i s  $ . 81 . Four  out  of the fi ve res pondents 
s a i d  they so l d  the i r cattl e earl y by more than a h a l f a year but l es s  
than a fu l l year . Th i s means  that the cattl e were s o l d someti me before 
they reached the i r  max i mum we i g ht but s ometi me after they reach 500 
pounds . S i nce the se l l i ng we i g ht cou l d not be fi g u red , an average 
between the two budgets was u sed . 
33 
The feed costs for cattl e under 500 pounds for a ha l f  a yea r are : 
Barl ey 
A l fa l fa Hay 
Pra i r i e  Hay 
Tota l 
$ 1 8 . 00 
1 0 . 35 
20 . 80 
$49 . 1 5  
The  feed cost  per day i s  then  fou nd by d i v i d i ng $49 . 1 5  by 1 80 days , 
wh i ch - i s  equ a l  to $ . 27 .  
After a veragi ng the two budgets , ca ttl e a re fi g ured to ga i n  1 . 425 
pounds per day .  The feed cos t  per day i s  $ . 43 and the pri ce per pound 
� 







No . of Days 
So l d  Earl y 
300 
90 
2 1 0 
3 30 
270 
No . of Catt l e Los s 
So l d  Ear l y  
64 $ 1 2 , 537 . 60 
7 5  4 , 407 . 75 
25  3 , 428 . 25 
1 7 5 37 , 71 0 . 75 
200 35 , 262 . 00 
Tota l  = $ 93 , 346 . 35 
The tota l va l ue for 0 for a l l the producers who s o l d ea rl y i s  
$ 1 1 9 , 046 . 75 .  
From data o bta i ned from Wi l l i am Lytl e ,  state c l i mato l ogi s t ,  the 
average number of years between droughts for Tri pp County wa s found to 
be four  years . Th i s  s tudy i nd i cates the effect of rura l wa ter sys tems 
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on  l i vestoc k for a o ne year peri od . So the vari a b l e E ,  wh i c h i s  a 
coeffi c i ent s howi ng a drough t • s  effect s pread even l y  each  year , i s  . 2 5 .  
Th i s  vari a b l e i s  then mu l ti p l i ed by the tota l o f  A + B + C + D ,  fo r a 
tota l va l ue  for vari a b l e X of $3 1 , 363 . 57 .  
For each  l i vestoc k type wi th i n the vari a bl e Y ,  the  add i ti on a l  l i ve­
s tock for each producer i s  s ummed and mu l t i p l i ed by the retu rn to l a bor 
and managemen t  per head . The  return to l a bor  and  management i s  equal  to 
the l i ve s to c k  recei pts mi nus  the operat i ng expen ses  a nd the  fi xed costs . 
The opera t i ng expenses  i nc l ude feed cos ts , veteri nar i a n  cos t s , hau l i ng 
and ma rketi ng , fue l , repa i rs ,  and the cost of purc h a s i ng the l i ves tock . 
The f i xed costs  i nc l ude i nterest on operati ng ca p i ta l , i n terest  on 
mach i nery ,  equ i pment a nd l i vestock  i nves tment ,  depreci ati o n , taxes , and 
i ns urance . La bor i s  not i nc l uded . 
The average return to l abor and ma nagement for mi l k  cows , $ 586 . 92 ,  
i s  mu l t i p l i ed by the number of add i ti on a l  mi l k  cows the producers sa i d  
they wou l d  be a b l e to produce i f  they were o n  ru ra l water , whi ch was 33 . 
The revenu e  generated from 3 3  addi ti ona l mi l k  cows i s  $ 1 9 , 368 . 36 .  
No producer c l a i med that he wou l d  produce more hei fers or cattl e 
under 500 pounds due to ru ra l water . . The tota l amount of addi ti ona l  
beef cows that  producers sa id  they wou l d  ra i se was 1 35 .  Th i s number 
mu l ti p l i ed by $6 . 83 ,  the return to l abor and management , equal s $922 . 05 
worth of i ncreased returns . Producers s a i d they wou l d  ra i se a tota l of  
an add i t i ona l 1 , 700 catt l e on  feed over 500 pou nd s . W i th  these catt l e  
expected to ga i n  6 7 5  pound s  i n  twe l ve months  t h e  retu rn to l abor and 
management equ a l s $43 . 03 . The . add i ti ona l retu rns from these  extra 
catt l e equ a l  $ 73 , 1 5 1 .  
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I t  i s  a s s umed i n  t h e  l i vestoc k budgets tha t a s ow wi l l  have two 
l i ters of p i g s  i n  wh i ch 1 6  wi l l  be so l d .  Th i s ma kes the return to l a bor 
and managemen t  $21 0 . 76 for hog breed i ng s toc k .  Together p roducers s a i d 
they cou l d p roduce a n  a dd i ti ona l twenty hogs , i ncrea s i ng returns by 
$4 ,2 1 5 . 20 .  The returns to l a bor and management for feeder p i g s  was 
fi gured by a verag i ng the return for s pri ng p i g s  and fa l l  p i g s , whi ch wa s 
$5 . 89 .  Mu l ti p l yi ng th i s  by the 3 1 0 add i ti on a l  feeder  p i gs  producers 
s a i d they cou l d ra i se due to rura l water wi l l  provi de  addi ti onal  returns  
of $ 1 , 82 5 . 90 .  To gether , producers of feeder l ambs s a i d they cou l d  
produce 70 add i t i ona l feeder l �mbs . Th i s  number mu l t i p l i ed by the 
return to l a bor  and management ,  $5 . 3 1 , equa l s $ 3 7 1 . 70 i n  add i ti onal  
retu rn s . Add i ng  together a l l of the i ncreas ed returns from each  l i ve-
. s tock  type , the va l ue for vpri a b l e Y ,  i s  $99 , 854 . 21 . 
The vari a b l es  H ,  I ,  a nd J ,  are fi gured at 1 percent , 2 . 5  percent ,  
a nd 5 percent prov i d i ng three separate resu l ts  for t h i s grou p and the · 
others a s  we l l .  
The vari a b l e H con s i sts  of l i vestoc k wh i ch a re ra i s ed for the so l e  
purpose o f  be i ng s o l d for s l aug hter . The ca tt l e groups  u s ed are catt l e 
over 500 pound s and  under 500 pounds . The norma l a verage da i l y wei q ht 
i ncrea s e , 1 . 42 5 , a nd the d a i l y  feed cos t ,  $ . 43 , a re the  same averages 
between the two groups  as was used i n  va ri a b l e D .  The p l a nned se l l i ng 
wei g ht of the cattl e i s  1 , 1 50 pounds and the number of  cattl e over and 
under 500 pounds i s  5 , 1 84 .  I f  the da i l y wei ght  ga i n  cou l d be i ncreased 
by 1 percent ,  ma k i ng i t  1 . 4392 , the catt l e feed cos ts  saved through 
better we i gh t  ga i n  wou l d  be $ 1 7 , 749 . 36 . If the da i l y  we i g ht  ga i n cou l d  
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be i ncreased 2 . 5  percent , ma ki ng i t  1 . 4606 t he n  the cattle feed costs 
s aved through  better wei ght  ga i n  would be $43 , 846 . 56 .  At 5 percent the 
we i ght g a i n wou l d be 1 . 4962 pounds per day a nd the cattl e feed cos ts 
s a ved through  better we i g ht ga i n  would be $85 , 606 . 45 .  
Feeder p i g s  a re a l s o ra i s ed for slaug hter . I t  cos ts $ . 26 a day to 
feed feeder o i g s  a nd they have a normal average  da i ly wei g ht i ncrease of 
1 . 03 pound s . L i ves tock producers who res ponded to the s urvey had 5 , 800 
feeder p i g s . I f  rural water could i ncreas e  the da i ly we i g ht ga i n  by 1 
percent to 1 . 0403 , t hen the feed co sts s aved by better wei g ht  ga i n  for 
5 , 800 p i g s  wou l d  be $3 , 261 . 6 5 . At a 2 . 5 percent i ncrea s e , the wei ght  
ga i n  would be  1 . 05 5 7  a nd the  feed costs  saved would be $8 , 01 9 . 39 .  At a 5 
percent i ncrea se , the wei g ht ga i n  woul d be 1 . 08 1 5 pounds a nd the feed 
· costs  saved wou l d  be $ 1 5 ,68� . 66 .  
S heep a re a nother group  of li vestock ra i s ed for s l a ug hter . The 
co st  of feed per day i s  $ . 1 6 a head and the norma l average da i l y we i g ht 
i ncrease  i s  . 5  pound s . Together ; producers res pond i ng to the su rvey 
s a i d they had 65 s heep . At 1 percent ,  the da i ly we i ght  i ncrease due to 
rura l  wa ter i s  . 505 pounds . Th i s creates a sav i ngs  on  feed costs  of 
$21 . 62 .  The  d a i l y  wei g ht  i ncrease due to ru ral wa ter at 2 . 5 percent i s  
. 5 1 25 for a sav i ngs  of $ 5 3 . 26 on feed cos t s . At 5 percent the da i ly 
we i g ht i ncrea s e  i s  . 525  creati ng a sav i ngs  of $ 1 04 o n  feed cos ts . 
Summi ng over all li vestoc k un i ts at  eac h  percenta ge y i elds  three 
res u l ts . Wi th  a 1 percent i ncrea se i n  da i l y wei g h t  ga i n ,  the feed costs 
that wou l d  be s a ved a re $2 1 , 032 . 64 .  At 2 . 5 percen t ,  t he feed cos ts that 
woul d be s aved a re $ 5 1 , 9 1 9 . 22 .  Wi th a 5 percent  i nc rea s e  i n  da i l y  
we i ght ga i n ,  t he feed co sts  that wou l d  be saved are $ 1 0 1 , 397 . 1 2 .  
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W i th the I va ri a b l e i t  i s  a s s umed that the producer breed s and  
ra i ses  a l l l i ve s toc k . Th i s  wi l l  tend to  overest i mate the  va ri ab l e s i nce 
some l i vestock a re purchased from outs i de the farm . But , s i nce the ef­
fect of  th i s  vari a bl e i s  very sma l l ,  as can be s een  be l ow ,  the i mp act 
of the overe st i ma t i on  i s  s l i ght . 
The cattl e and  the swi ne  a re a s s umed to have a 1 . 5 percent i nfant 
death ra te . A 1 p ercent  l ower i nfant death rate due to rura l  water wou 1 d  
be 1 . 485 percent .  A 2 . 5 percent l ower i nfant  dea t h  rate wou l d  be 1 . 4625 
percent and at  a 5 percent l ower i nfan t  death rate the i nfarit death  
rate wou l d  be 1 . 42 5  percen t . 
S heep on  the other hand have a 2 percent i nfant  dea th rate . A 1 per­
.cent l ower i nfant  death rate due to ru ra l wa ter wou l d  be 1 . 98 percent . A 
2 . 5  percent l ower i nfan t  death rate wou l d be 1 . 95 percent  and  a 5 percent 
l ower dea th rate wou l d  be 1 . 9 percen t .  
The effects o f  rura l wa ter on  i nfant  death ra tes o f  each  l i vestock 
type i s  presented i n  Ta b l e 3 .  
I n  the va ri a b l e J ,  the veteri nari an  cos ts that  wou l d be saved i f  on 
a rura l water system a re measured . Aga i n s i nce the amount  of the veter­
i nari an cos t s  that cou l d  have been s aved cannot be mea s u red , the 
veteri nari an costs  a re decrea sed by 1 percent , 2 . 5  percent , and 5 percent . 
Obv i ous l y ,  veteri n a ri a n  servi ces are not the s ame for d i fferent  an i ma l s .  
Th i s  causes  the i mpact of percentage changes to be d i fferent  for each 
l i vestock  type . The s a v i ngs  from decrea sed veteri nari a n  cos ts are 
presen ted i n  Tab l e 4 .  
L i ves toc k 
Ca tegory 
Mi l k  cows 
Hei fers 
Beef cows 
Ca ttl e on feed 
over 500 l bs .  
Ca ttl e under 
500 l bs .  
Hog breed i ng 
stock 
Feeder pi gs 
Sheep 
Tota l s  
TABL E 3 
I NCREASED REVENUE FROM DECREASED I N FANT MORTAL ITY : TR I P P  1 980 
Number of 
Li vestock 









La bor and 
Management 
Per Head 
586 . 92 
1 41 . 83 
6 . 83 
43 . 03 
1 7 . 31 
2 1 0 . 76 
5 . 89 
5 . 3 1 
I ncreas ed 
Revenue 
at 1 %  
9 . 68 
5 . 02 
4 . 82 
24 . 23 
3 .  7 1  
28 . 86 
5 . 1 2 
. 06 
$81 . 50 
I ncreased 
Revenue 
at 2 . 5% 
24 . 21 
1 2 . 55 
1 2 . 05 
60 . 59 
9 . 27 
72 . 1 5  
1 2 . 81 
. 1 7  




48 . 42 
25 . 1 0  
24 . 1 1  
1 2 1 ' 1 8  
1 8 . 55 
1 44 . 3 1 
25 . 62 
. 34 
$407 . 63 
w 
00 
TABL E 4 
REDUCED V ETER I NAR IAN COSTS FOR L I VESTOCK DU E TO RURAL WATER : TRI P P  1 980 
Savings From Savings From Savings From 
Lives tock Number of Normal Veterinarian Costs Veterinarian Costs Veterinarian Costs 
Ca tegory Livestock Veterinarian Costs Lowered by 1 %  Lowered by 2 . 5% Lowered by 5%  
Mi l k  Cows 1 1 0 $1 2 . 25 $ 1 4 . 30 $ 34 . 1 0 $ 68 . 20 
He i fers 236 5 . 25 1 4 . 1 6  33 . 04 63 . 72 
Beef Cows 4 , 707 7 . 00 329 . 49 847 . 26 1 ,647 . 45 
: 
Ca ttl e on 
feed over 
500 l bs .  3 , 755 5 . 00 1 87 . 75 488 . 1 5  938 . 75 
Ca ttl e under 
500 l bs .  1 , 429 2 . 45 42 . 87 1 00 . 03 1 85 . 77 
Hog Breeding 
Stock 91 3 72 . 00 657 . 36 1 ,643 . 40 3 ,286 . 80 
Feeder P igs 5 , 800 3 . 00 1 74 . 00 464 . 00 870 . 00 
Sheep 65 . 60 . 65 1 .  30 1 .  95 




The s um of  vari a b l es H ,  feed costs saved by better we i g ht ga i n ,  I ,  
i ncrea s ed revenue from decrea sed i nfant  morta l i ty ,  and J ,  reduced 
veteri nari an  cos ts , equa l the vari a b l e Z .  Z at 1 percent eq ua l s 
$22 , 534 . 72 .  At 2 . 5 percent ,  Z equa l s $55 , 734 . 30 and a t  5 percen t ,  Z 
equa l s $ 1 08 , 867 . 39 .  Sen s i ti v i ty ana l ys i s  a l l ows for a va r i e ty o f  pos ­
s i bl e  effects good q u a l i ty water has  o n  l i vestock product i v i ty .  
The s um o f  vari a b l es  X ,  l ost  revenue due to droug h t , Y ,  i ncreased 
revenue due to g reater capac i ty for more l i ves tock , a nd Z ,  i ncreased 
revenue due to greater producti v i ty ,  equal  W ,  the to ta l i ncreas e  i n  
revenue due to the presence of rura l water . W i th  Z a t  1 percent ,  W 
equa l s  $ 1 53 , 7 52 . 50 .  Wi th  Z at  2 . 5  percent ,  W equa l s $ 1 86 , 952 . 08 .  And 
wi th Z at 5 percent , W equal s $240 , 085 . 1 7 . 
The second g roup to be exami ned i s  Tr i p p , 1 982 . The budgets used 
co i nci de wi th  the l i vestock i nforma ti on  obta i ned from the  producers . As 
a resu l t of the rece s s i on , pri ces i n  some areas  tend to be l ower than 
norma l . 
S i nce the reces s i on does not affect the va ri ab l es  A o r  B ,  t hey wi l l  
rema i n the s ame a s  i n  1 980 . A equa l s $2 , 756 . 24 and B equa l s  $ 3 , 65 1 . 30 .  
C wi l l  rema i n  at 0 .  0 o n  the other hand wi l l  be affected s i nce feed a nd 
l i ves tock pr i ces d i ffer from those of 1 980 . 
The feed cos t s  per day are fi gured by d i v i d i ng $ 1 94 . 87 , the feed 
cos t  per year for cattl e over 500 pound s , by 360 days  w h i ch i s  equa l  to 
$ . 54 .  The pr i ce per pou nd of ca ttl e on feed over 500 pounds  was $ . 60 i n  





Tota l  
Lo s s  
$ 1 , 411 . 20 
10 , 584 . 00 
2 , 646 . 00 
6 , 174 . 00 
$20 , 815 . 20 
For the cattl e under 500 pounds  that were s a i d  to be s o l d ear ly , 
the feed costs  per day were fi gured from the l i vestock budgets and  then 
averaged wi th the ca tt l e over 500 pound feed co sts . 
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The feed co sts  pe r day equa l ed $ . 27 .  Averag i ng th i s  w i th the  feed 
co sts of ca ttl e over  500 pounds equa l s a feed cost  of $ . 41 per day .  The 
pri ce per pound fo r ca tt l e under 500 pounds wa s $ . 64 .  Averag i ng th i s 
wi th the pr i ce per pou nd for catt l e over 500 pound s eq ua l s  a pri ce per 
pound of $ . 62 .  
The poss i b l e  l o s se s  to producers · who so l d  ca ttl e u nder  500 pounds 
earl y are : 
Producer Lo ss  
5 $ 9 , 09 1 . 20 
6 3 '  196 . 12 
7 2 , 485 . 87 
8 27 , 344 . 62 
9 25 , 569 . 00 
To ta l $67 , 686 . 8 1 
42 
Add i ng up a l l t he producers who so l d ear l y ,  the tota l for D i s  
found to be $88 , 502 . 01 .  Compari ng th i s tota l and the  other  fi gures i n  D 
for 1980 , i t  can  be seen that  the l o s s  i s  l es s  i n  1982 . 
The droug h t  coeffi c i ent  i s  mul ti p l i ed by the tota l of  A + B + C + D 
wh i c h  i s  $94 , 909 . 5 5 . Va r i a b l e X equa l s $23 ,727 . 38 .  Aga i n ,  th i s  a nswer  
i s  s ubstanti a l l y  l ower than  the  fi gure for  X i n  1980 . 
I n  the vari ab l e Y ,  the i ncrea sed capac i ty for more of each  type of 
l i ves toc k i s  the s ame as i n  1980 . However , the retu rn to l a bo r  and  
management  per  head changed , ma i n l y due  to  the  reces s i on . Ta b l e 5 s hows 
the change  i n  the  retu rn to l a bor a nd ma nagement  per head and  the i n ­
crea sed revenue  due  to the greater capaci ty fo r mo re l i ve s to c k . 
I n  the H var i a b l e ,  a 1 percent i ncrea s e  i n  da i l y wei g ht ga i n of 
catt l e decreased feed cos ts by $ 16 , 923 . 81 for 5 , 184 head . At 2 . 5  per­
cent the feed costs saved were $41 , 807 . 19 a nd at  5 percent , $8 1 , 624 . 76 .  
I n  1982 i t  cost  $ . 22 a day to feed a feeder p i g .  A 1 percent  i n ­
crea se  i n  da i l y  we i g ht g a i n decrea sed feed costs  by $2 ,759 . 86 for 5 , 800 
head . At 2 . 5  percent , the feed costs  saved were $ 6 ,785 . 64 and  at 5 
percent , $13 , 273 . 33 .  
I n  1982 the cost  of feedi ng one  head of s heep per day was $ . 14 .  
Wi th  a 1 percent i nc rea s e  i n  da i l y  wei g ht  ga i n ,  the  feed cos ts s a ved 
were $ 18 . 92 for 65 head . At 2 . 5  percent , the feed cos ts s aved were 
$46 . 61 and at 5 percent , $91 . 
The tota l feed co sts  s aved by i ncreas i ng da i l y  we i g ht ga i n by 1 
percent , wou l d be $ 1 9 ,702 . 5 9 .  At 2 . 5 percent the feed cos ts saved wou l d 
be $48 , 6 39 . 44 ,  a nd at  5 percent i t  wou l d  be $94 , 989 . 09 .  
Li vestock Ca tegory 
Mi l k  cows 
Beef cows 
Cattl e on feed 
over 500 l bs .  
Hog breedi ng stock 
Feeder pi gs 
Sheep 
Tota l s  
TABLE  5 
COMPAR I SON OF  VAR IABL E Y BETWEEN TH E TWO T I ME P ER I ODS I N  TR I PP COUNTY 
Return to La bor 
and Ma nagement 
i n  1 980 
586 . 92 
6 . 83 
43 . 03 
21 0 . 76 
5 . 89 
5 .  31 
Return to La bor 
a nd Man agemen t 
i n  1 982 
546 . 76 
*----
20 . 37 
223 . 65 
6 . 60 
7 . 67 
I ncrea sed Revenue 
from Grea ter Capaci ty 
i n  1 980 
1 9 , 368 . 36 
922 . 05 
73 , 1 5 1 . 00 
4 , 21 5 . 20 
1 , 825 . 90 
37 1 . 70 
. $99 ,854 . 21 
I ncreased Revenue 
from Greater Capac i ty 
i n  1 982 
1 8 ,043 . 08 
*-- - -
34 ,629 . 00 
4 , 473 . 00 
2 ,046 . 00 
536 . 90 
$59 , 727 . 98 




He i fers , beef cows , and  cattl e under 500 pounds had a negat i ve 
return i n  1 982 . They a re not i nc l uded i n  the vari ab l e I .  The i ncrea s ed 
revenue from decrea sed i nfant  morta l i ty for each l i ves toc k  type i s  fou nd 
i n  Tab l e 6 .  
I n  the var i ab l e J t he veteri nari an  costs  that cou l d  be saved are 
the same a s  i n  1980 . 
The Z tota l a t  1 percent i s  $ 2 1 , 180 . 11 .  At 2 . 5  percent , i t  i s  
$52 , 393 . 1 1 , a nd  a t  5 percent i t  i s  $102 , 336 . 53 .  
The tota l for W wi th Z at  1 percent i s  $104 , 635 . 47 .  Wi th Z at 2 . 5  
percent , W equ a l s $ 13 5 , 848 . 47 ,  and -wi th Z at 5 percent , W eq ua l s 
$ 1 85 ,791 . 89 .  
The th i rd g roup  to b e  exami ned i s  Moody , 1980 . None of the re­
s pondents i n  t h i s county sa i d  that the drought had a ffected the i r oper ­
ati ons . So A ,  B ,  C ,  a nd 0 a re zero ma ki ng X equa l to zero . 
The fi gures  for Y a re i n  Ta b l e 7 .  
I n  the v a r i a b l e H ,  t he coeffi c i ents are the same a s  i n  the H va ri ­
ab l e i n  Tri pp  1980 except for the number of l i vestock . Moody County 
res pondents s a i d  t hey had  5 , 517 catt l e over and u nder 500 pounds . Wi th  
5 , 5 1 7  head of cattl e ,  the feed cos ts  saved if  da i l y  we i g h t  ga i n  coul d be 
i ncrea sed by 1 percent are $ 18 , 889 . 5 1 . Wi th a 2 . 5  percent da i l y  wei ght  
i ncrea se , feed costs cou l d  be  decrea sed by $46 , 66 3 . 10 ,  and  at  5 percent 
feed cos t sa v i ng s  wou l d be $91 , 1 05 . 48 .  
The tota l numbe r of feeder p i g s that respondents s a i d  they had was 
1 3 ,874 . Feed costs  that cou l d  be saved i f  da i l y wei g ht ga i n  cou l d  be 
i ncrea sed by 1 percent a re $7 , 802 . 09 .  Wi th a 2 . 5  perce n t  da i l y we i g ht 
L i ves tock 
Category 
Mi l k  cows 
Hei fers 
Beef .cows 
Ca ttl e on feed 
over 500 l bs .  
Ca tt l e  under 
500 l bs .  
Hog breed i ng 
stock 
Feeder pi g s  
Sheep 
Totals 
TABLE  6 
I NCREASED REV ENUE FROM DECREASED I N FANT MORTAL I TY : TR I PP 1 982 
Number of 
L i vestoc k 












546 . 76 
neg . retu rn 
neg . return 
20 . 37 
neg . return 
223 . 65 
6 . 60 
7 . 67 
I ncrea sed 
Revenue 
at 1 %  
9 . 02 
1 1 . 47 
30 . 62 
5 . 74 
. 09 
$56 . 94 
I ncrea sed 
Revenue 
at 2 . 5% 
22 . 55 
28 . 68 
76 . 57 
1 4 . 35 
. 24 




45 . 1 0 
57 . 36 
1 53 . 1 4 
28 . 7 1 
. 49 
$284 . 80 
� 
U1 
L i vestock Catagory 
Mi l k  cows 
He i fers 
Beef cows 
Ca ttl e on feed 
over 500 l bs .  
Ca ttl e under 
500 l bs .  
Hog breed i ng stock 
Feeder pi g s  
Sheep 
To ta l 
TABL E  7 
I NCREASED REVENUE DU E TO GREATER CAPACI TY FOR MORE  
L I VESTOCK BY  US I NG RURAL WATER : MOODY 1 980 . 
Number of 












586 . 92 
1 41 . 83 
6 . 83 
43 . 03 
1 7 . 3 1 
21 0 . 76 
5 . 89 
5 . 31 
I ncreased Revenue 
50 ,475 . 1 2 
8 , 935 . 29 
. 566 . 89 
1 4 , 328 . 99 
692 . 40 
26 , 345 . 00 
1 5 , 096 . 07 
0 




i ncrea se , feed costs cou l d  be decrea sed by $ 1 9 , 1 82 . 94 ,  and at 5 pe rcent · 
feed cos t sav i ngs  wou l d  be $37 , 523 . 59 .  
Re s pondents s a i d they had 2 , 007 s heep . Feed costs  that  cou l d  be 
saved i f  da i l y we i g ht  ga i n  cou l d be i ncrea sed by 1 percent  are $667 . 70 .  
Wi th a 2 . 5 percent  da i l y  we i g ht i ncrease , feed cos ts  cou l d be decrea s ed 
by $ 1 , 644 . 77 ,  a nd at  5 percent feed cos t s av i ng s  wou l d  be $3 , 2 1 1 . 20 .  
The tota l feed costs  saved i f  the  dai l y  we i g ht ga i n  cou l d  be i n ­
crea s ed by 1 percent i s  $27 , 35 9 . 32 .  W i th a 2 . 5 percent  da i l y wei g ht 
i ncrea s e  over norma l , the feed costs  cou l d  be decrea s ed by $67 , 490 . 81 , 
and at  5 percent , feed costs sav i ngs  wou l d  be $ 1 3 1 , 840 . 27 . 
The coeffi c i ents  for I are the same a s  for Tri p p  1 980 except that 
the number of each l i vestoc k type i s  d i fferent . The  i ncreased revenue 
from decreas ed i nfant morta l i ty for each l i ves tock  type i s  s hown i n  
Ta bl e 8 .  
I n  the vari ab l e J ,  the veteri nari an cos ts are t he s ame a s  for Tri pp 
County , and  the number of each l i vestock type are the same a s  the num­
bers u sed i n  the I vari a b l e .  The redu ced veteri na ri an  co s ts of each 
l i vestock  type due  to good qua l i ty water are presented i n  Ta b l e 9 .  
The z vari a b l e ,  measur i ng the tota l effects o f  wa ter q u a l i ty on 
l i vestoc k producti v i ty i s  $29 , 1 49 . 62 at  1 percent .  At 2 . 5 percent , Z 
eq ua l s $72 , 032 . 46 ,  and at  5 percent , Z equa l s $ 1 40 , 679 . 1 7 .  
The tota l for W ,  when Z i s  at 1 percent , equa l s $ 1 45 , 589 . 38 .  When 
Z i s  at  2 . 5 percent , W equa l s $ 1 88 , 472 . 22 ,  and when Z i s  a t  5 percent , W 
equa l s $257 , 1 1 8 . 93 .  
L i vestock 
Ca tegory 
Mi l k  cows 
He i fers 
· Beef cows 
Ca ttl e on feed 
over 500 l bs .  
Cattl e under 
500 l bs .  
Hog breed i ng 
stock 
Feeder p i g s  
Sheep 
Tota l s  
TA BLE 8 
I NCREASED REV ENUE FROM DECREASED I N FANT MORTAL I TY : MOODY 1 980 
Number of 













586 . 92 
1 41 . 83 
6 . 83 
43 . 03 
1 7 . 3 1 
21 0 . 76 
5 . 89 
5 . 3 1 
I ncreased 
Revenue 
at  1 %  
74 . 56 
1 1  . 57 
2 . 56 
25 . 65 
4 . 00 
27 . 69 
1 2 . 25 
2 . 1 3  
$ 1 60 . 41 
I ncrea sed 
Revenue 
at  2 . 5% 
1 86 . 42 
28 . 93 
6 . 40 
64 . 1 2 
1 0 . 01 
69 . 23 
30 . 64 
5 . 32 
$401 . 07 
I ncreased 
Revenue 
at  5% 
372 . 84 
57 . 86 
1 2 . 81 
1 28 . 25 
20 . 03 
1 38 . 46 
6 1 . 28 
1 0 . 65 
$802 . 1 8  
-Po 
00 
L i vestock 
Ca tegory 
Mi l k  Cows 
He i fers 
Beef Cows 
Cattle on 
· feed over 
500 l bs .  
Ca ttl e under 
500 l bs .  
Hog Breedi ng 
Stock 
Feeder P i g s 
Sheep 
Tota l s  
TABL E 9 
REDUCED V ETER I NARIAN COSTS FOR L I V ESTOC K DU E TO RURAL WATER : MOODY 1 980 
Sav i ngs ·From Savi ngs From Sav i ngs  From · 
Number of Norma l Veteri nari an Cos ts Veteri nari an  Cos t s  Veteri nari an Costs  
L i ves tock Veteri nari an Costs Lowered by 1 %  Lowered by 2 . 5% Lowered by 5%  
847 $1 2 . 25 $ 1 1 0 . 1 1  $ 262 . 57 $ 525 . 1 4 
544 5 . 25 32 . 64 76 . 1 6 1 46 . 88 
2 , 502 7 . 00 1 75 . 1 4  450 . 36 875 . 70 
3 , 974 5 . 00 1 98 . 70 5 1 6 . 62 993 . 50 
1 , 543 2 . 45 46 . 29 1 08 . 01 200 . 59 
876 72 . 00 630 . 72 1 , 576 . 80 3 , 1 53 . 60 
1 3 , 874 3 . 00 41 6 . 22 1 , 1 09 . 92 2 ,081 . 1 0 
2 ,007 . 60 20 . 07 40 . 1 4  60 . 21 
$ 1 ,629 . 89 $4 ' 1 40 .  58 $8 ,036 . 72 
.,J::a 
U) 
The l as t  group  to be exami ned i s  Moody , 1 982 . The effect of the 
t i me peri od c hange i n  Mo ody County i s  exact l y the same as  i n  Tri pp  
50 
County s i nce  the s ame pr i ces are u sed i n  both coun ti e s . As i n  Moody , 
1 980 , X equa l s z ero i n  1 982 a l so . I n  the Y vari a b l e ,  the  number of l i ve­
stock  i s  the s ame a s  i n  1 980 . On l y the  retu rn to  l a bor and  management 
i s  di fferent a nd i t  i s  the s ame as the return to l abo r and management 
for Tri pp , 1 982 . S i nce the he i fers , beef cows , and catt l e  under 500 
. pounds have a negati ve  retu rn , they are not i nc l uded . The 86 add i ti onal  
mi l k  cows wou l d i ncrease revenue by $47 , 02 1 . 36 .  The 333  add i ti ona l 
cattl e over 500 pounds  wou l d i ncrease  revenue  by $6 , 783 . 21 . The  1 2 5 
addi ti ona l breed i ng hog s wou l d  i ncrea se  revenue by $ 27 , 956 . 2 5 and the 
2 , 563 add i ti onal  feeder p i gs  wou l d  i ncrease  revenue by $ 1 6 , 91 5 . 80 .  Th i s  
cal c u l ates i nto a to ta l i ncrease  i n  revenue due  to greater capaci ty of 
$98 ,676 . 62 .  
The  coeffi c i ents  used  i n  H are the same a s  i n  Tri pp , 1 982 except 
fo r the number of l i ve stoc k  wh i ch i s  the same as  i n  Moody , 1 980 . Wi th 
5 , 5 1 7  head of cattl e over and under 500 pounds , the feed cos ts tha t 
cou l d be saved by a 1 percent i ncrea se  i n  we i g ht ga i n are $ 1 8 , 01 0 . 93 .  
Wi th a 2 . 5  percent  i ncrease  i n  we i g ht  ga i n ,  feed cos ts cou l d be cut by 
$44 , 492 . 72 ,  a nd a 5 percent i ncrea se  cou l d  res u l t  i n  feed costs  be i ng 
cut by $86 , 868 . 01 . 
W i th 1 3 , 874 feeder p i g s the feed co sts that cou l d  be sa ved by a 
1 percent i ncrea s e  i n  we i g ht ga i n  are $6 , 60 1  . 77 .  W i t h  a 2 . 5 percent 
i ncrea s e  i n  we i g ht ga i n ,  feed costs cou l d be cu t by $ 1 6 , 23 1 . 7 1 , and at 
5 percent , feed cos ts cou l d be decre.a sed by $3 1 , 75 0 . 73 .  
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W i th 2 , 007  s heep the feed costs  that cou l d be s aved by a 1 percen t 
i ncrease  i n  we i g ht g a i n a re $584 . 24 .  W i th a 2 . 5  percent i ncrea s e  i n  
wei g ht g a i n ,  feed costs  cou l d be cut by $ 1 , 439 . 1 7 ,  and  a t  5 percent , feed 
cos ts cou l d be decreased by $2 , 809 . 80 .  
The  tota l feed costs  that cou l d be saved wi th a n  i ncrease  i n  we i g ht 
ga i n  of 1 percent a re $2 5 , 1 96 . 95 .  Wi th a 2 . 5 percent i ncrea s e  i n  we i g ht 
ga i n ,  feed cos ts cou l d be cu t by $62 , 1 63 . 62 ,  and at 5 percent , feed 
co s ts cou l d be cut by $ 1 2 1 , 428 . 54 .  
T he i ncreased revenue from decreas ed i nfant morta l i ty for each  
l i vestock  type  i n  Moody County , 1 982- i s  exami n ed i n  Ta b l e 1 0 .  
The reduced veter i nari an  costs  due to good qua l i ty wa ter are 
exactl y the s ame as  i n  1 980 . 
The Z tota l a t  1 percent i s  $ 26 , 954 . 62 .  At 2 . 5 perce n t , Z equa l s 
$66 ,623 . 69 ,  and  at  5 percent , Z equa l s $ 1 30 , 1 04 . 28 .  
Tota l i ncrease  i n  revenue for Moody County i n  1 982  wi th  Z a t  1 per­
cent i s  $ 1 25 ,63 1 . 24 .  Wi th Z at  2 . 5 percent ,  W equa l s $ 1 65 , 300 . 3 1 , and 
wi th Z a t  5 percent , W equa l s $228 , 780 . 90 .  The s e  tota l s a re s u b s tanti ­
a l l y  l ower than  the tota l s for Moody , 1 980 due to the l ower retu rns to 
l a bor and management  i n  the d i fferent cattl e types . 
Ta b l e  1 1  compares  the i ncreased returns fo r the fou r  groups used . 
The l owes t  va l ue wa s i n  Tr i pp ,  1 982 at the 1 pe rcent l evel  a nd the  
h i g hest  va l ue wa s i n  Moody , 1 980 at the  5 perce nt l eve l . Th i s  i s  l og i ca l  
s i nce there we re more l i vestock  i nvo l ved i n  the  Moody Cou n ty s tudy . 
The ta b l e may appear  i ncon s i stent though , because  at the 1 percent  
l evel , the greate s t  amount of revenu� i s  generated from the  Tr i p p , 1 980 
Li vestock 
Ca tegory 
Mi l k  cows 
Hei fers 
. Beef · cows 
Ca ttl e on feed 
over 500 l bs .  
Ca ttl e under 
500 l bs .  
Hog breedi ng 
s tock 
Feeder p i g s  
Sheep 
Tota l s 
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2 , 502 
3 , 974 
1 , 543 
876 






546 . 7'6 
neg . retu rn 
neg . return 
20 . 37 
neg . retu rn 
223 . 65 
6 . 60 
7 . 67 
I ncreased 
Revenue 
at 1 %  
69 . 46 
- - - -
1 2 . 14  
29 . 38 
1 3 . 73 
3 . 07 
$ 1 27 . 78 
I ncreased 
Revenue 
at 2 . 5% 
1 73 . 66 
30 . 35 
73 . 46 
34 . 33 
7 . 69 




347 . 32 
60 . 7 1 
1 46 . 93 
68 . 67 
1 5 . 39 












TABLE  1 1  
COMPAR I SON OF  w • s ,  THE I NCREASE I N  R EV ENU E TO THE AGR I CULTURAL SECTOR DU E 
TO THE PRESENSE OF RURAL WATER  SYST EMS 
W wi th  Z 
at 1 %  
1 53 , 752 
1 04 , 635 
1 45 , 589 
1 25 , 63 1  
W wi th Z 
at 2 . 5% 
1 86 , 952 
1 35 , 848 
1 88 ,47 2 
1 65 , 300 
\� wi th Z 
at 5% 
240 ,085 
1 85 ' 79 1  
257 , 1 1 8  




s tudy . The  reason  Tri p p , 1 980 i s  h i gher than Moody , 1 980 at the 1 per­
cent l evel  and  not at the 2 . 5 percent or 5 percent l eve l  may be beca u s e  
t h e  sens i t i v i ty a na l yses  perta i n  mos t  t o  t h e  tota l l i ves toc k numbe rs . 
When the percentages  a re h i gh (2 . 5  percent a nd 5 percent ) , these  vari ­
ab l es  wi l l  have a grea ter emphas i s  on the mode l . When  the percentaqes 
a re l ow ,  the d rought  factor  wi l l  p l ay a l arger ro l e  i n  the mode l and the 
qua l i ty factor i n  the s en s i t i v i ty a na l yses  wi l l  not be as i nfl uenti a l . 
S i nce the drought  factor i s  q u i te importa nt i n  Tri pp , 1 980 and non ­
exi s tent i n  Moody , 1 980 , i t  i s  na tura l for Tri p p , 1 980 to be h i g her . 
The change  i n  re l at i ve  pri ces for cattl e and swi n e  between 1 980 and 
1 982 affected re l a ti ve retu rn s between the two count i e s  fo r tho s e  years . 
The res pondents  i n  Tr i pp County a re ma i n l y  catt l e producers  wh i l e  i n  
Moody County , the res pondents are mai n l y  swi ne producers . Between 1 980 
a nd 1 982 cattl e pr i c es  went do�n . S i nce Tri pp  County res ponde nts  re l y  
heavi l y  o n  cattl e ,  the i r i ncreased revenue went  down s u b s tanti a l l y  from 
1 980 . On the other hand , swi ne  pri ces wen t  up , s o  the  drop i n  i ncreased 
revenue wa s not a s  l arge i n  Moody County between 1 980 a nd 1 982 . 
The next s tep i s  to put  the i ncreas ed revenue  o n  a per a n i ma l  u n i t 
ba s i s .  Th i s  can  prov i de  a producer i n  the s tudy area a way of a pproxi ­
ma ti ng h i s i ncreas ed revenue due to rura l water by mu l ti p l yi ng h i s 
a n i ma l  u n i ts by the i ncrea sed revenue  per an imal  u n i t .  Th i s  s te p  can 
a l so prov i de a mean s  for compa ri ng areas of s tudy . 
The i ncre a s ed revenue  per a n i ma l  u n i t i s  ca l cu l ated by mu l t i p l y i ng 
the tota l number of each type of l i vestock i n  the s tudy by the con ­
vers i on factor for that type of l i vestoc k .  The convers i on factors 
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were o bta i ned through  the Ma nagement Gu i de for P l a n n i ng a fa rm or  Ra nch  
Bus i ne s s . 1 Add i ng tota l s for each type of l i ves toc k wi l l  de ri ve  the 
tota l a n i ma l  un i ts i n  the s tudy . By d i v i d i ng each  W by the appropri ate 
to ta l a n i ma l  u n i ts , t he i ncrease i n  revenue  per an i ma l  u n i t i s  fou nd 
( Ta b l e 1 2 ) . 
l w .  Aa nderud , R .  Thaden , J .  Maher , F .  Cra nde l l ,  Management Gu i de 
for P l a n n i n a Fa rm or Ranch  Bu s i nes s ( Broo ki ngs , SD , SDSU , Cooperati ve 










TABLE 1 2  
I NCREASED REV ENUE PER  AN I MAL U N I T  
I ncreased Revenue 
per An ima l  Un i t  
a t  1 %  
1 5 . 87 
1 0 . 80 
1 4 . 45 
1 2 . 47 
I ncreased Revenue 
per An i ma l  Un i t 
at 2 . 5% 
1 9 . 29 
1 4 . 02 
1 8 . 70 
1 6 . 40 
Tota l anima l  uni ts i n  Tri pp study area - 9 ,690 . 1 5 . 
Tota l anima l  uni ts i n  Moody study area - 1 0 , 078 . 7 .  
I ncreased Revenue 
per An ima l  Un i t 
at 5% 
24 . 78 
1 9 . 1 7  
25 . 5 1 




SUMMARY AND CONCLUS I ONS 
SUMMARY 
The rap i d  growt h rate of  ru ra l  water systems i n  South  Da kota i s  of 
concern to the state becau se ru ra l water sys tems have not been com­
pl ete l y  fi na nced by thei r members and have rel i ed on  s u b s i d i es . Becau se  
of federa l budget cuts , the s tate of South  Da kota mu s t  p rov i de more 
money to rura l water sys tems i f  the sys tems are to expand and  surv i ve .  
South Da kota does  have money ava i l ab l e through  water devel opment pro ­
j ects , l i ke ETS I , but  because  of competi ti on wi th  i rr i ga tors and others 
for the money , rura l water sys tems wi l l  have to s how a good ra te of 
retu rn to the economy before the s tate wi l l  be wi l l i ng to a l l ocate money 
to them . 
The obj ect i ves  of  th i s study were to fi rst cons truct  a model  to 
s i mu l ate the effects of  a ru ra l wa ter sys tem on  l i ve s to c k  prod ucti on and 
product i v i ty ,  and second , to tes t the mode l wi th  data obta i ned from 
l i vesto c k  producers i n  two representi ti ve counti es . 
Data were obta i ned throug h · s urveys sent to ru ra l res i dents i n  two 
counti es  i n  South  Da kota that have ru ra l wa ter sys tems i n  operati on . 
Moody County i n  ea s tern South  Da kota and Tri pp County i n  wes tern South 
Da kota were se l ected because  of thei r di fferi ng geogra ph i c  a nd c l i mati c 
condi ti ons . Two h u ndred and n i netythree rura l res i dents i n  Moody County 
recei ved s urveys and the u sab l e res ponse rate wa s 36 percent . 
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Two hundred and  e l even ru ra l res i dents i n  Tri pp County recei ved su rveys  
and the u s a b l e res ponse  rate was 3 1  percent . 
� 
The model  con s tru cted i n  the s tudy meas u res the i nc reas ed revenue 
i n  the l i vestoc k s ector through ru ral water sys tems fo r a one year  
peri od . Th i s  mea s u rement , vari ab l e W ,  i s  eq ua l to ( 1 ) t he s um of three 
vari ab l es : X ,  t he revenue  from l i vestoc k producti on  whi ch  wou l d  have 
been l os t  because  of drought  i f  rura l wa ter sys tems were not i n  p l ace , 
( 2 )  Y ,  the i nc rea sed revenue due to greater ca pac i ty for more l i vestock 
by u s i ng rura l water , ( 3 )  Z ,  the i ncreased revenue due  to greater pro ­
ducti v i ty beca u s e  of  good qua l i ty wa ter . 
The mod el  was run u s i ng l i ves tock  budgets from 1 980 a nd 1 982 , and 
s u rvey data from 1 982  to compare the effects of rura l water i n  a year 
when there wa s a reces s i on ,  1 982 , wi th  a more norma l yea r , 1 980 . 
The X vari a b l e i s  affec ted by truc k i ng co sts , pa s tu re fees , revenue 
l o st  from l i ve s toc k that wa s not purcha s ed due  to the drought , a nd 
revenue l os t  from s e l l i ng l i vestoc k ea rl y .  These vari a b l es p l ayed a n  
i mportant rol e i n  Tri pp  County becau se th i s  county i s  dri er  than many 
· p l aces dur i ng norma l yea rs . U s i ng 1 980 budgets , X wa s found  to be 
$ 3 1 , 363  fo r the sampl e s urveyed i n  Tri pp County ,  and by us i ng 1 982 
budgets X was $ 2 3 , 727 . Moody County recei ves more mo i s ture and i s  not 
affected as mu ch  by a drou g ht . I n  fact , for the produ cers s urveyed i n  
Moody County , drought  wa s not a fa cto r at a l l ,  wh i ch made X eq ua l  zero 
fo r both 1 980 a nd 1 982 . 
The y v a r i a b l e ,  i ncreased capa c i ty for more l i ves to c k  due  to rura l 
wa ter , i s  equa l to $99 , 854 for the s amp l e s u rveyed i n  Tr i pp County 
/ 
u s i ng 1 980 budgets , and  decreases  to $59 , 727 u s i ng 1 982  budgets . Fo r 
the samp l e s u rveyed i n  Moody County ,  Y equa l s $ 1 1 6 , 439  u s i ng the  1 980 
budgets . By u s i ng the 1 982 budgets , Y decreases to $98 , 67 6 . 
The va ri a b l e Z i s  composed of feed cos ts saved by better we i g ht 
ga i n ,  decrea sed i nfa nt morta l i ty ,  and decrea sed veteri nari a n  cos t s . 
Because  no accu rate way of measuri ng these va ri ab l es h a s  been found , 
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sens i ti v i ty ana l ys i s  was u sed at the 1 percen t ,  2 . 5 percen t , and 5 per­
cent l evel s prov i d i n g three separate an swers for Z .  I f  the  da i l y we i g ht  
ga i n  can be i ncreased by 1 percent , i n fant morta l i ty decreas ed by 1 per­
cent and veteri nari an  costs  decreased by 1 percent , the i ncrease  i n  
revenue to Tri pp County for those producers s urveyed wou l d  be $ 2 2 , 534 
u s i ng the 1 980 . budgets . By chang i ng the percentage to 2 . 5 percent , the 
i ncrea se i n  revenue wou l d be $55 , 734 , a nd by chang i ng i t  to 5 percent , 
the i ncrease i n  revenue wou l d  be $ 1 08 , 867 . Us i ng 1 982 · budgets , revenue 
i ncrea ses  range from $ 2 1 , 1 80 to $ 1 02 , 336 . 
I f  these same percentages are u sed for the qua l i ty va ri ab l e s  i n  
Moody County , a 1 percent i ncrea se i n  produ cti vi ty wou l d i nc rea s e  
revenue by $29 , 1 49 u s i ng t h e  1 980 l i vestoc k budgets . By chang i ng the 
percentage to 2 . 5  percent ,  Z wou l d  equa l  $72 , 032 , and a change to 5 per­
cent wou l d i ncrease revenue by $ 1 40 , 679 . By u s i ng the 1 98 2  l i ve s tock  
budgets , revenue i n creases  range from $26 , 954 to  $ 1 30 , 1 04 .  
The s ummati on  of  X ,  Y ,  and  Z eq ua l s W .  For Tri p p , 1 980  wi th  Z at 
·1 percent , W equa l s $ 1 53 , 7 52 . W i th  Z at 2 . 5 percent , W eq ua l s $ 1 86 , 952 , 
and wi th z at  5 percent , W equa l s $240 , 085 . For Tri pp , 1 982 , W ranges 
from $ 1 04 , 635 to $ 1 85 , 79 1 . 
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For Moody , 1 980 wi th Z at  1 percent , �I eq ua l s $ 1 4 5 , 589 . \� i th Z at 
2 . 5  percent , W equa l s $ 1 88 , 47 2 ,  and wi th Z at 5 percent , W equa l s 
$2 57 , 1 1 8 . For Moody 1 982 , W ranges from $ 1 2 5 , 63 1  to $228 , 780 . 
There were 9 , 690 . 1 5  a n i ma l  un i ts i n  the s amp l e drawn from Tri pp 
County .  By d i v i d i ng W by th i s  number , the i ncrea se  i n  revenue  per 
an i ma l  un i t per yea r equ a l s $ 1 5 . 87 for the Tri pp 1 980 s amp l e wi th  Z at 1 
percen t .  Wi th  Z at  2 . 5 percen t ,  the i ncrease per a n i ma l  u n i t eq ua l s 
$ 1 9 . 29 and at  5 percent the i ncrea se  i s  $24 . 78 .  U s i ng the 1 982  budgets , 
the i ncrea se i n  revenu e per a n i ma l  un i t ra nges from $ 1 0 . 80 to $ 1 9 . 1 7 .  
There were 1 0 , 078 . 7  a n i ma l  u n i ts i n  the s amp l e drawn from Moody 
County . The i ncrea se  i n  revenue per a n i ma l  u n i t per yea r equa l s  $ 1 4 . 45 
fo r the Mo ody . l 980 s ampl e wi th  Z at  1 percent . Wi th Z a t  2 . 5 percent , 
the i ncrea se per a n i ma l  u n i t equ a l s $1 8 . 70 and at  5 percen t the i ncrea se 
eq ua l s $2 5 . 5 1 . Us i ng the 1 982  budgets , the i ncrea s e  i n  revenue per 
an ima l  u n i t ra nges from $1 2 . 47 to $22 . 70 .  
CONC LUS I ONS 
The mode l  that i s  cons tructed i n  thi s thes i s  mea s ures on l y  the 
i ncrea se  i n  revenue for a g i ven sampl e .  The i ncrea se  i n  revenue i s  not 
the same as the i ncrea se  i n  profi t because  the cos ts of  hoo k i ng up  and 
stay i ng on a rura l water sys tem are not cons i dered here . The reason  for 
thi s i s  because  the cos ts cannot be apporti oned between the d i fferent 
soci ol og i ca l  a nd domes ti c as we l l  as agri cu l tura l producti on  benefi ts 
deri ved from be i ng on  ru ra l wa ter sys tems . Profi t wou l d  have  to be 
exami ned i n  another s tudy by u s i ng a cos t/ benefi t a na l ys i s .  
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T h e  i ncrease i n  revenue for eac h reg i on s tudi ed wi l l  b e  d i fferent 
fo r vari ous  rea son s . One reas on that i s  worth noti n g  i s  the qua l i ty of 
the water before a rura l  water sys tem i s  i ncorpora ted . Peopl e wi th  very 
poor qua l i ty water wi l l  have l a rger i ncrea sed revenu e after j o i n i ng a 
system than peop l e who i n i t i a l ly  have fa i r l y  good water . I n  add i t i on to 
reg i ona l d i fferences , water qua l i ty may very from farm to fa rm . 
As can  be o bs erved i n  Ta b l e 1 2 , t he i nc rease  i n  revenue per a n i ma l  
u n i t  i s  qu i te h i g h  for each  category . I t  can  a l so be s een  tha t between 
the two count i es proporti onate l y , the i ncreas e  per a n i ma l  un i t  i s  fa i rl y  
c l ose . A l though  two s tudy a reas a�e not enoug h to genera l i ze for the 
s tate as a who l e ,  t hey do prov i de an  i dea of how much  a producer i n  
South Da kota mi g ht be ab l e to i ncrease h i s revenue by bei ng  on a rura l 
wa ter sys tem . 
The l a rge i ncrea ses  per an ima l  un i t  that were deri ved i n  t h i s 
thes i s  are not certa i n  because of the probl ems i nvo l ved wi th product i v ­
i ty .  S i nce a way of mea s u ri ng the effects tha t good qua l i ty water can 
have on l i vestoc k producti v i ty has not been found , there ex i s ts  the 
po s s i bi l i ty of error . But  l i terature on the s u bj ect c l a ims  that  pro­
ducti v i ty cou l d  be i ncreased over 5 percent wi th  better q u a l i ty wa ter . 
So the percenta ges u sed i n  th i s thes i s  cou l d  be co nserv ati ve a nd i n  
fact may be undere s t i mat i ng the i ncrea sed revenue that  good q u a l i ty 
wate r may prov i de .  
I t  mu st  be po i n ted out that other factors , bes i des  rura l wa ter can 
affect a produ cer • s  deci s i on to buy or se l l l i ves toc k .  Feed p ri ces 
can i nfl uence a producer • s  dec i s i on . on whether to buy . I f  s ca rc i ty 
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dri ves u p  the pri ce  of feed , i t  cou l d prevent a producer from buyi ng . 
Ca ttl e pri ces can  i nfl uence a producer ' s  dec i s i on to s e l l . I f  t he 
cattl e pri ces are too l ow ,  t he producer may dec i de to ho l d  h i s cattl e 
unt i l pri ces r i s e . I n  t hi s s tudy , i t  i s  a s s umed that  these  fa ctors are 
he l d con s tan t . 
The pos s i bl e  i ncrea ses  i n  revenue that  are prov i ded to l i ve stock  
producers cou l d be  fel t i n  t he res t of  the  economy as  we l l .  Some of the 
i ncrea sed revenue wou l d go to l a bor because  th i s wa s not  taken i nto 
account when u s i ng returns to l abor and  ma nagemen t  to mea s u re l i ve s toc k 
return s . Bu t even th i s wou l d  be fe l t i n  the economy because  muc h  of 
t h i s money wou l d  be u sed to purchase persona l i tems . The res t  of the 
revenue wou l d . proba b l y  by u sed to i ncrea se the effi c i ency of the l i ve­
s tock  operat i on  o r  purchase more l i vestoc k . Th i s wou l d prov i de revenue 
fo r imp l emen t  deal ers , feed dea l ers , and others . A l so , th i s  i ncreased 
revenue may i ncrea se  t he amount  of taxes be i ng pa i d  i n to the s ta te 
throug h s a l es taxe s . 
Overa l l ,  t hrou g h  t he fi ndi ngs  of the study , i t  i s  apparent  that  
ru ra l water does  have an  effect on t he agri cu l tura l  sector . And  eve n 
though a pro bl em ex i sts  wi th  meas uri ng producti v i ty ,  there i s  s t i l l  
a s u bs tant i a l  i ncrea se i n  revenue wi th  the i ncrea s e  i n  produ ct i v i ty 
be i ng a s  l ow a s  1 percent . 
SUGGEST I ONS  FOR FURTH E R  RESEARCH 
Further resea rch  i s  needed on ru ra l  wa ter sys tems i n  order to s how 
the return s that  rura l water sys tems can bri ng to the agri cu l tu ra l s ector 
of South Dakota and the st ate as a who l e .  
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One area i n  wh i ch research is  needed i s  i n  meas u ri n g  c h a nges  i n  
producti v i ty .  Agri cu l tural  s peci a l i s ts have conducted tes ts  wi th  bad 
qua l i ty wa ter a nd have found no ev i dence of decrea sed producti v i ty ,  bu t 
producers cont i nue  to c l a i m  that l ow qua l i ty water decreases the pro­
ducti v i ty of  the i r  l i ves tock . Becau se of th i s  prob l em ,  the accu ra cy of 
the Z vari a b l e ,  the i ncrease i n  producti v i ty due to better q u a l i ty 
wa ter , ca nnot be proven . 
A method that cou l d  be used i n  a futu re study wou l d  be to condu ct a 
s tudy i n  a cou nty that i s  propos i ng to i mp l ement a rura l water sys tem i n  
the fu tu re . F i rst , the effects of drought and the produ ct i o n  and pro­
ducti v i ty ra tes of s amp l e producers i n  the county wou l d  be mea s u red for 
a certa i n t ime . per i od before the system was put i nto opera t i o n . Then , 
after the ru ra l wa ter sys tem was i mpl emented , the change  i n  producti on 
and producti v i ty wou l d  be ca l cu l ated . After thi s ha s been  done , the 
data cou l d be put i n to the model  produced i n  th i s thes i s . 
Another s tudy that  needs to be underta ken i s  a s tudy that wou l d 
s how the return ru ra l wa ter sys tems cou l d provi de to the economy . Th i s 
wou l d  i nvo l ve measur i ng a l l the benefi ts deri ved from ru ra l water sys ­
tems and compa ri ng them to the co sts  i nvol ved wi th  rura l water sys tems . 
The pos s i bl e  revenue  i ncreases cou l d i ncrease both  commerce and  taxes , 
prov i d i ng  more money to the economy . 
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MODEL 
W = f ( X , Y , Z ) 
where W = The i ncrea se  i n  net revenue to the agri c u l tura l s e cto r due  to 
the presence of  ru ra l water systems . 
X = Revenue  from l i vestock product i on wh i ch wou l d  have  been l os t  
beca use  o f  d rought  i f  ru ra l  water systems were not  i n  p l ace . 
y = I ncreas ed revenue due  to  greater capaci ty for more l i ves tock 
by u s i ng rura l water . 
z = I n creased revenue  due to greater product i v i ty bec a u s e  of  good 
q u a l i ty water . 
X = f ( A , B , C , D , E ) 
where A = Truc k i ng  C o s t s  
s h i pp i ng cos t  coeffi c i ent  X ( tota l --------- -----------
we i g ht  of  l i ves tock/ 1 00 ) = 
B = Pa s tu re Fees 
n umber of  head of l i ves tock  X fee --------- ----------
coeffi c i en t  X the  number of days the  l i ves toc k  -----
are kept away from home = 
C = Revenue  l o st  from l i vestock not pu rcha sed due  to droug ht . 
1 . n umber of  head of  mi l k  cows no t purc h a s ed X ----
return to l a bor and management  per head = ----
2 .  n umber of head of he i fers no t pu rch a s ed X ----
retu rn to l a bor and managemen t  per head  = 
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3 .  --------�number  o f  head of beef cows not  pu rchased  X 
--------�retu rn to l a bo r and management per head = 
4 .  number of  head of ca ttl e on  feed over 500 
l bs .  not  purchased X return to l a bo r  and  
mana gement per  head = 
5 .  number of head of ca ttl e u nder 500 l bs not 
pu rcha s ed X return to l a bor and management  
per  head = 
6 .  number of head of  hog breed i ng s to ck not  
purcha sed X retu rn to l a bor and managemen t  
per head = 
7 .  n umber of head of  feeder p i g s  no t pu rcha sed 
X return to l abo r and management  per head = 
8 .  S heep 
1 .  + 2 .  + 3 .  + 4 .  + 5 .  + 6 .  + 7 .  = 
D = Revenue  l os t  from se l l i ng ca ttl e on  feed earl y .  
n umber of head o f  l i vestock  X [( ________ __ ---------
average n umber of  l bs .  l es s  than opti mum X ________ _ 
pri ce per l b . ) mi nus  ( ____ co s t  of feed per day X 
n umber of extra days the catt l e wou l d  ha ve --------
been kept . )] = 
E = Freq ue ncy of drou g hts . 
coeffi c i en t  ------
X = ( A  + B + C + D )  E 
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Y = I ncrea sed revenue  due to greater capa c i ty for more l i vestock  
by u s i ng  ru ra l wa ter . 
1 .  number of  addi t i ona l mi l k  cows due  to ru ra l 
wa ter X return to l a bor and mana gement  per 
head = 
2 .  number o f  add i ti onal  hei fers due  to ru ra l 
wa ter X retu rn to l a bor a nd mana gemen t  per 
head = 
3 .  number of add i t i ona l  beef cows due  to  ru ra l 
4 .  
5 .  
6 .  
7 .  
wa ter X return to l a bor and  ma nagement  per 
head = 
n umber of  add i t i onal  catt l e on feed over ---------
500 l bs .  due to rura l water X ret u rn to ---------
l a bor a nd management per head = 
number of  addi t i onal  catt l e u nder  500 l bs .  ---------
return to l a bor a nd due to rura l water X ---------
managemen t  per head = 
number of  addi ti onal  breed i ng hogs  due  to ---------
ru ra l water X retu rn to l a bor  and  ma nagement  ---------
per head = 
number of  add i ti ona l  feeder p i gs due  to  --------- ; 
ru ra l wa ter X return to l a bo r and ma nageme n t  --------
per head = 
8 .  Sheep 
y = 1 .  + 2 .  + 3 . + 4 .  + 5 .  + 6 .  + 7 .  = 
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Z = f ( H , I , J )  
where H = Feed cos ts  s a ved by better wei g h t  ga i n .  
1 .  [( p l anned se l l i ng wei g ht of ca tt l e/ 
normal  average da i l y wei ght  i ncrease ) mi nus  ( 
----
----
p l a n ned we i ght/ average da i l y we i g h t  i ncrease  
due  to  rura l wa ter ) X da i l y  feed cos t . j  X 
number of catt l e  = -----
2 .  [ (  ____ p l anned se l l i n g  we i g ht  o f  feeder p i g s /  
norma l average da i l y  we i g h t  i ncrea s e } mi n u s  -----
----�p l anned we i § ht/ a vera ge da i l y 
we i g h t  i ncreas e  due to rura l water ) X da i l y 
feed cos t . J X number o f  feeder p i g s  = 
3 .  r_ ( p l anned se l l i ng wei g h t  of s heep/ ------ -------
norma l average da i l y  wei ght  i nc rea se ) mi nus  ( -------
p l anned wei g h t/ avera ge da i l y  wei g h t  i ncrease  
due to  ru ra l water ) X. ____ da i l y  feed cos t . ]  X 
number of s heep = ------
4 .  1 .  + 2 .  + 3 .  = 
I = I ncrea s ed revenue from decrea sed i nfant  morta l i ty .  
1 . [ ( norma 1 ma rta 1 i ty rate X number 
of  mi l k  cows ) mi n u s  ( morta l i ty rate due  to 
rural wa ter X number of  mi l k  cows )]  X 
return to l abor and man ageme n t  per head = -----
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2 .  [ (  _____ n orma l morta l i ty rate X _____ number 
of  beef cows ) m i nus  mo rta l i ty ra te due  to -----
rura l wa ter X _____ number of beef cows ) ]  X 
_____ return to l abor a nd management  per  head = 
3 .  [ ( _____ norma l morta l i ty rate X _____ number 
of  head of cattl e on feed over 500 l bs . ) mi n u s  
mo rta l i ty rate d u e  t o  ru ra l wa ter X number -----
of  catt l e on  feed over 500 l bs . )J X retu rn to 
l a bor a nd mana gement per head = 
4 .  [ ( _____ norma l morta l i ty ra te X _____ n umber 
of catt l e u nder 500 l bs . ) mi nus  ( mo rta l i ty -----
ra te due  to rura l wa ter X n umber of catt l e ----
under 500 l bs . )] X retu rn to l a bo r a nd 
ma nagemen t  per head = 
5 .  [ ( norma 1 marta 1 i ty rate X number ------- ------
6 .  
of he i fers ) mi nus  mo rta l i ty ra te due  to  
ru ra l wa ter X number of he i fers ) ]  X ----
retu rn to l a bor and managemen t per head = ------
[ ( norma l morta l i ty ra te X n umber 
of hog breed i ng s tock ) mi nus  ( marta 1 i ty ra te 
due  to rura l  water X numbe r of  hog breed i ng  
s tac k ) ]  X retu rn to l a bor and  managemen t per 
head = 
7 1  
7 .  [(  _____ norma 1 marta 1 i ty rate X _____ number 
of feeder p i gs ) mi nus  ( ______ mo rta l i ty ra te due  to 
ru ra 1 water X numbe r  of feeder p i g s )] X 
______ return to l a bor and managemen t per head = 
8 .  [( ______ norma l  morta l i ty ra te X _____ n umber 
of s heep ) m i nus  ( morta l i ty rate due  to ru ra l -----
water X number of  s heep )] X -----
return to l abo r and managemen t per head = 
9 .  1 .  + 2 .  + 3 .  + 4 .  + 5 .  + 6 .  + 7 .  + 8 .  = 
J = Red uced veteri na r i a n  costs  for l i ves tock  becaus e  o f  the  
ava i l a b i l i ty of  good  q u a l i ty water from a ru ra l wa ter system . 
1 . 
2 .  
3 .  
norma l veteri na ri an  costs  X 
number of  mi l k  cows ) mi nus  veter i na ri a n  
cos ts i ncurred i f  on rural water X number 
mi l k  cows ) = 
norma l veteri nari an  co s ts X 
number o f  beef cows ) mi nus  veteri nar i an  -'------
cos t s  i ncu rred i f  on  rura l  water X n umber -----
of  bee f cows ) = 
norma l veteri na ri an  cos ts X ------
number o f  cattl e on  feed over 500 l bs . ) mi n u s  




number o f  catt l e on  feed over 500 l bs . ) = 
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4 .  _____ norma l veteri nari an co s ts X-----
number of  cattl e under 500 l bs . ) m i n u s  
veter i nari an  cos ts i nc urred i f  o n  ru ra l water X -----
5 .  
6 .  
7 .  
8 .  
number of  catt l e  u nder 500 l bs . )  = 
normal veteri nar i a n  co s ts X ----- ------
number of he i fers ) m i nus  ( veteri nar i a n  
co s t s  i ncu rred i f  o n  rura l water X number 
of  he i fers ) = 
norma l veteri nari a n  co sts  X ----- --------
number of  hog breed i ng  s toc k ) mi nus  ( -----
veteri nari an co s ts i ncurred i f  on rura l wa te r X 
----- n umber of  hog breed i ng s toc k )  = 
norma l veteri nar i an cos ts X 
number of feeder p i gs ) mi nus  ( veter i na ri an  
costs  i ncurred i f  o n  rura l wa ter X n umbe r 
of feeder p i gs ) = 
norma l veter i nari an costs  X 
n umber of  s heep ) mi nus  ( ________ veteri nar i an  cos ts 
i ncu rred i f  on  ru ra l wa ter X n umber o f  --------
s heep ) = 
9 .  1 .  + 2 .  + 3 .  + 4 .  + 5 .  + 6 .  + 7 .  + 8 .  = 
Z = H + I + J = 
W = X + Y + Z = 
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R U N  DAT E = 1 2/ 1 2/83 
S T U DY Y EAR = 1 9 80 
STUDY A R EA = T R I P P COUNTY 
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DATA FOR X CALC U LA T I O N  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
FORMU LA . . . .  X= ( A+B+C+D ) E  
A = T R U C K I N G C O S T  
S H I P P I N G C O S T  
CO E F F I C I E N T  
T OTAL W E I GH T  O F  
L I V E ST OC K  ( LBS ) 
T OT AL WE I GH T  O F  
L I V E STOC K ( LB S ) I 1 00 A 
0 . 9 20  
0 . 8 00 
B = P A S T U R E  F E E S  
N UMB E R  O F  H EAD 
O F  L I V E S l OC K  
0 0 3 7 5  
000 3 0  
0 2 7 2 20 0  
00 3 1 500  
F E E  COE F F I C I E NT  
0 . 1 00 
0 . 2 3 3  
0 2 7 2 2 . 00 
00 3 1 5 . 00 
0 0 2 5 04 . 24 
0 0 0 2 5 2 . 00 
= = = = = = = = =  
TOTAL $ 0 0 2 7 5 6 . 24 
DAYS L I V E STOC K K E P T  
AWAY F R OM H O M E  
0 7 5  
1 20 
B 
0028 1 2 . 50 
000 8 3 8 . 80 
TOTAL $ 0 0 3 65 1 . 3 0 
C = R EV E N U E LO S T  F RO M  L I V E STOC K N O T  P U R CHAS E D  D U E TO DROUGHT 
� - � 
L I V E S T OC K  TY P E  
M I L K COWS 
H E I F E RS 
B E E F  COWS 
CAT T L E  OV E R  500 L B S  
CA T T L E  U N D E R  5 0 0  L B S  
BR E E D E R  P I G S 
F E [ D E R  P I GS 
N U M B E R  O F  H EAD 








R ET U R N  TO LABOR A N D  
MANAG E M E N T  I H EAD 
0 586 . 92 
0 1 4 1 . 8 3 
0006 . 8 3 
0 0 4 3 . 0 3 
00 1 7 . 3 1 
0;? 1 0 . 7 6 
0005 . 89 
c 
0 000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0 000000 . 00 
0000000 . 00 
= = = = = = = = = =  
TOTAL $ 000000 . 00 
"' 
cr. 
D = REVE N U E  LOS T F ROM S E L L I NG L I V E STOC K EAR L Y  
N UM B E R  O F  H EAD AVERAGE N UMBE R  OF LBS 
OF L I VE S T OC K  L E S S  T HAN O PT I M U M  
00080 0000056 
00 1 00 0000 3 3 8 
00050  0000 1 6 9 
00064 0000427 
000 7 5  0000 1 28 
000 5 0  000 0 3 9 4  
0 0 0 2 5  0000299 
00 1 7 5 0000470 
00200 000 0 3 8 4  
E = F R EQU E N CY O F  DROUG H T S  
DROU G H T  CO E F F I C I E N T = 00 . 2 5 
* *  CALCU LAT E  X * *  
X = ( A+ B+C+O ) E  
PR I C E / LB 
00 . 70 
00 . 7 0 
00 . 70 
00 . 7 6 
00 . 7 6 
00 . 7 0 
00 . 7 6 
00 . 76 
00 . 7 6 
cosT · o F  
F E E D/ DAY 
0 0 . 59 
0 0 . 5 9 
00 . 5 9 
0 0 . 4 3 
00 . 4 3 
0 0 . 5 9  
0 0 . 4 3 
0 0 . 4 3 
0 0 � 4 3  
X =  ( 0002 7 5 6 . 24 + 000 3 6 5 1 . 3 0 + 0000000 . 00 + 0 1 1 9046 . 75 )  00 . 2 5 
X =  $ 00 3 1 3 6 3 . 5 7 
EXTRA DAYS L I V E S T O C K  
WOU LD HAV E B E E N  K E PT D 
0 3 0  0 0 1 7 4 2 . 40 
1 80 0 1 3 0 6 8 . 00 
090 0 0 3 26 7 . 00 
3 00 0 1 2 5 3 7 . 60 
090 0 0 4 4 0 7 . 7 5 
2 1 0  0 0 7 6 2 3 . 00 
2 1 0  0 0 3 4 2 8 . 2 5 
3 3 0 0 3 7 7 1 0 . 7 5 
270 0 3 5 26 2 . 00 
========= 
TOTAL $ 1 1 90 4 6 . 7 5 
........ 
........ 
DATA fOR Y CALCU LAT I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Y = I NC R EA S E D  R EV E N U E D U E  T O  GR EAT E R  CA PAC I TY FOR MOR E L I V E S TOC K BY . U S I NG R U RA L  WAT E R  
L I V E S T OC K  TY P E  
M I LK COWS 
H E I F E R S  
B E E F  COWS 
CA T T L E  OVER 500 LBS 
CA T T L E  U N D E R  500 LBS 
BR E E D E R  P I GS 
F E E D E R  P I GS 
S H E E P  
ADD I T I ONAL H EA D  
D U E TO R U RA L  WAT E R  
000 3 3  
00000 
00 1 3 5 
0 1 700 
00000 
00020 
00 3 1 0  
00070 
R E T U R N  T O  LABOR AND 
MANAG EM E N T  I H EAD 
0 5 8 6 . 92 
0 1 4 1 . 8 3 
0006 . 8 3 
004 3 . 0 3 
00 1 7 . 3 1  
02 1 0 . 7 6 
0005 . 89 
0005 . 3 1 
y 
00 1 9 3 6 8 . 3 6 
0000000 . 00 
00009 2 2 . 0 5 
0 0 7 3 1 5 1 . 00 
0000000 . 00 
0 0 0 4 2 1 5 . 20 
000 1 8 2 5 . 90 
000 0 3 7 1 . 7 0 
= = = = = = = = = =  
TOTAL $ 0 9 9 8 5 4 . 2 1 
"'-J 
co 
DATA FOR Z CA LC U LAT I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · 
FORMU LA . . . .  Z = H + I +J 
H = F E ED COST SAV E D  By B E T T ER WE I GH T  GA I N  
DATA FOR CAT T L E  AT 0 0 . 0 1 0  P E R C E N T  
PLAN N E D  
S E LL I NG 
WE I GH T  
1 1 50 
NORMAL AV E AVE DA I LY WE I GH T  
DA I LY WE I G H T  I NC R EA S E  D U E  TO 
I NCREASE  ( LBS ) R U RA L  WAT E R  ( LB S ) 
1 .  4 2 5  1 .  4 392 
DATA FOR P I GS AT 00 . 0 1 0  P E R C E N T  
P LAN N E D  
S E L L I NG 
WE I GH T  
0225 
NORMAL AV E AVE DA I LY WE I G H T  
DA i LY WE I GH T  I NC R EA S E  D U E  TO 
I NC R EASE  ( LBS ) RURAL WA T ER ( LB S ) 
1 .  0 3 0  1 .  0403  
DATA FOR S H E E P  AT 00 . 0 1 0  PERC E N T  
P LAN N E D  NORMAL AV E AV E DA I LY WE I GH T  
S E L L I NG DA I LY WE I GH T  I NC R EASE DU E T O  
WE I GHT  I NCREASE ( LB S ) RURAL WAT ER ( LB S ) 
0 1 0 5 0 . 500 0 . 5050 
DA I LY 
F E E D  
COS T  
0 . 4 3 
DA I LY 
F E E D  
COST 
0 . 26 
DA I LY 
F E E D  
COST 
0 .  1 6  
N UM B E R  
O F  
CAT T L E  
0 5 1 84 
N U M B E R  
O F  
P I GS 
0 5800 
N U M B E R  
O F  
SH E E P  
0006 5 
H 
0 1 7 7 49 . 3 6 
H 
0 0 3 26 1 . 65 
H 
00002 1 . 62 
= = = = = = = = =  
TOTAL $ 0 2 1 0 3 2 . 64 
-.....J 
� 
H = F E E D  COST SAV E D  BY B E T T E R  WE I GH T  GA I N  
DATA FOR CATT L E  AT 00 . 025 P E �C E N T  
PLAN N ED NORMAL AVE AVE DA I LY WE I GH T  
S E L L I NG DA I LY W E I GH T  I NC R EASE  DU E T O  
WE I GHT I NC R EA S E  ( LB S ) RURAL WAT E R  ( LB S ) 
1 1 50 1 .  4 2 5  1 . 4606 
DATA FOR P I GS AT 00 . 025  P ER C E N T  
DA I LY 
F E E D 
CO S T  
0 . 4 3 
P LA NN ED NORMAL AVE AVE DA I LY W E I GHT DA I LY 
S E L L I NG DA I LY W E I GH T  I NC R EASE D U E  TO F E E D  
WE I GHT I NC R E A S E  ( LB S ) R I JRAL WA T E R  ( LB S ) COST 
0225 1 . o :w 1 . 05 5 7  0 . 2 6 
DATA FOR SH E E P  AT 00 . 025  P f R C E N T  
P LAN N E D  NORMAL AV E AV E DA I LY W E I GH T  DA I LY 
S E L L I NG DA I LY \-l E l GH T  I NCR EASE D U E  T O  F E E D  
WE I GH T  I NCREASE ( LB S ) R U R A L  WAT ER ( LBS ) COS T  
0 1 0 5 0 . 500 0 . 5 1 2 5 0 .  1 6  
N UM B E R  
O F  
CATT L E  
0 5 1 84 
NUMBER  
OF  
P I GS 
05800 
N UMB E R  
O F  
SH E E P  
00065 
H 
0 4 3 8 4 6 . 56 
H 
0080 1 9 . 39 
H 
00005 3 . 26 
= = = = = = = = =  
TOTAL $ 0 5 1 9 1 9 . 22 
00 
0 
H = F E ED CO S T  SAV E D  BY B E T T E R  W E I GH T  GA I N  
DATA FOR CAT T L E  AT 00 . 0 5 0  P E R C E N T  
PLAN N E D  
S E L L I NG 
WE I GH T  
1 1 50 
NORMAL AV E AVE DA I LY W E I GH T  
DA I LY WE I GH T  I N CR EASE D U E  T O  
I NC R EAS E ( LB S ) RURAL WAT E R  ( LB S ) 
1 .  4 2 5  1 . 4962 
DATA FOR P I GS AT 00 . 0 5 0  P E R C E N T  
P LAN N ED 
S E L L I NG 
WE I GH T  
0225 
NORMAL AVE AV E DA I LY W E I GH T  
DA I LY WE I GH T  I NCR EAS E D U E  T O  
I NCREASE ( LB S ) RURAL WAT E R  ( LB S ) 
1 . 0 3 0 1 . 08 1 5 
DATA FOR SH E E P  AT 00 . 0 5 0  P E RC E N T  
P LAN N E D  NORMAL AVE AV E DA I LY WE I GH T  
S E L L I NG DA I LY WE I GH T  I NCREASE D U E  TO 
WE I GHT I NC R EASE ( LB S ) RURAL WAT E R  ( LB S ) 
0 1 05 0 . 500 0 . 5 2 5 0  
DA I LY 
F E E D  
COST 
0 . 4 3 
DA I LY 
F E E D  
COST 
0 . 26 
DA I LY 
F E E D  
COS T 
0 . 1 6  
N U M B E R  
O F  
CA T T L E  
0 5 1 84 
N U M B E R  
O F  
P I GS 
0 5 800 
N U M B E R  
O F  
S H E E P  
00065 
H 
085606 . 45 
H 
0 1 5 6 8 6 . 66 
H 
000 1 04 . 00 
. = = = = = = = = =  
TOTAL $ 1 0 1 3 9 7 . 1 2  
00 
I = I NC R EA S E D  R EV EN U E  F ROM D EC R EAS E D  I N FA N T  MOR T A L I TY 
DATA AT 00 . 0 1 0  P E RC E N T  
L I V E STOC K 
T Y P E  
M I L K COWS 
H E I F E R S  
B E E F  COWS 
CA T T L E  OVER 500 LBS 
CA T T LE U N D E R  500 LBS 
B R E E D E R  P I GS 
F E ED E R  P I GS 
SH E E P  
NORMAL MORTAL I TY 
RAT E  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 , 0 1 5  I 
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 020 
MORTAL I TY RAT E 
W I TH R U RA L  WAT E R  
00 . 0 1 48 5 0  
00 . 0 1 48 5 0  
00 . 0 1 48 5 0  
00 . 0 1 48 5 0  
00 . 0 1 48 5 0  
00 . 0 1 48 50 
00 . 0 1 48 5 0  
00 . 0 1 9800 
R E T U R N  TO LABOR 
A N D  MANAG E M E N T  
0 5 8 6 . 92 
0 1 4 1 . 8 3 
0006 . 8 3 
0 0 4 3 . 0 3 
0 0 1 7 . 3 1  
0 2 1 0 . 7 6 
0 0 0 5 . 8 9 
0 0 0 5 . 3 1 
0000009 . 6 8 
0000005 . 0 2 
0000004 . 8 2 
0000024 . 2 3 
000000 3 . 7 1 
0000028 . 8 6 
0 0 0 0 0 0 5 . 1 2 
0000000 . 06 
= = = = = = = = = =  
T O T A L $ OOOOB 1 . 5 0 
co 
N 
I = I NC R EA S E D  R EV EN U E  FROM DECREASED  I N FAN T MOR TA L I TY 
DATA AT 00 . 025  PERC E N T  
L I V E STOC K 
T Y P E  
M I L K COWS 
H E I F E R S  
B E E F  COWS 
CA T T LE OV ER 500 LBS 
CAT T LE UNDER 500 LBS 
B R E E D E R  P I GS 
F E E D E R  P I GS 
S H E E P  
NORMAL MOR TAL I TY 
RA T E  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 020 l 
MOR T A L I TY RAT E  
W I T H R U R A L  WAT E R  
00 . 0 1 4625  
00 . 0 1 4 625  
00 . 0 1 46 2 5  
00 . 0 1 46 2 5  
00 . 0 1 4625  
00 . 0 1 4625  
00 . 0 1 46 2 5  
00 . 0 1 9 500 
I = I NCR EASED R EVEN U E  F ROM DECREASED I N FAN T MOR T A L I TY 
DATA AT 00 . 050 PERC E N T  
L I V E STOC K 
T Y P E  
M I LK COWS 
H E I F E R S  
B E E F  COWS 
CAT T L E OVER 500 I BS 
CAT T L E U N D E R  500 LBS 
BR E E D ER P I G S 
F E E D E R  P I GS 
SH E E P  
NORMAL MORTAL I TY 
RAT E 
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 020 
MOR T A L l TY RAT E 
W I  HI RURAL WAT E R  
0 0 . 0 1 42 5 0  
0 0 . 0 1 42 5 0  
00 . 0 1 42 50 
00 . 0 1 42 5 0  
00 . Q 1 LJ 2 5 0  
00 . 0 1 42 5 0  
00 . 0 1 42 5 0  
00 . 0 1 9000 
R E T U R N  TO LAROR 
AND MANAG E M E N T 
0 5 8 6 . 92 
0 1 4 1 . 8 3 
0006 . 8 3 
004 3 . 0 3 
00 1 7 . 3 1 
02 1 0 . 7 6 
0005 . 89 
0 0 0 5 . 3 1 
R ET U R N  TO LABOR 
AND MAN AG E M E N T · 
0 5 8 6 . 92 
0 1 4 1 . 8 3 
0006 . 8 3 
00 4 3 . 0 3 
00 1 7 . 3 1 
02 1 0 . 76 
0005 . 89 
000 5 . 3 1  
0000024 . 2 1 
00000 1 2 . 5 5 
00000 1 2 . 0 5 
0000060 . 5 9 
0000009 . 2 7 
00000 7 2 . 1 5 
00000 1 2 . 8 1 
0000000 . 1 7 
= = = = = = = = = =  
TOTAL $ 000203 . 80 
0000048 . 42 
00000 2 5 . 1 0  
0000024 . 1 1 
0000 1 2 1 . 1 8 
00000 1 8 . 5 5 
0000 1LJ 4 . 3 1  
000002 5 . 6 2 
0000000 . 3 4 
TOTAL $ 0 0 0 4 0 7 . 6 3 
c::o 
w 
J = V E T ER I NAR I AN COS T  SAV E D  BY B E I NG ON R U RA L  WAT E R  SYS T EM 
DATA AT 00 . 0 1 0  I ' E RC E N T  
L l  V E S TOC K T Y P E  
M I L K COWS 
H E I F ER S  
B E E F  COWS 
CA T T L E  OVER 500 LBS 
CAT T LE UNDER 500 LBS 
B R E E D E R  P I GS 
F E ED E R  P I GS 
SH E E P  
NUMBER O F  H EAD 
00 1 1 0  
002 3 6  
0 4 7 0 7  
0 3 7 5 5  
0 1 429 
009 1 3 
05800 
00065 
V E T  COS T S  W I THOU T 
R U RA L  WAT E R  
1 2 . 2 5 
0 5 . 2 5 
0 7 . 00 
0 5 . 00 
02 . 4 5 
7 2 . 00 
0 3 . 00 
00 . 60 
V E T  COSTS W I T H 
R U R A L  WAT E R  
1 2 .  1 2  
0 5 . 1 9  
0 6 . 9 3 
0 4 . 9 5 
0 2 . 4 2 
7 1 . 28 
0 2 . 9 7 
00 . 59 
J 
O O O O l lL 3 0  
0000 1 4 . 1 6  
0 0 0 3 2 9 . 4 9 
0 00 1 8 7 . 7 5 
000042 . 8 7 
0006 5 7 . 3 6 
000 1 7 4 . 00 
000000 . 6 5 
= = = = = = = = =  
TOTAL $ 0 0 1 4 2 0 . 58 
J = V E T ER I NAR I AN COST SAVE D  BY B E I NG ON RURAL WAT E R  SYSTEM 
DATA AT 00 . 0 2 5  I ' ERC E N T  
L I VESTOC K  TY P E  
M I LK COWS 
H E I F E RS 
B E E F COWS 
CAT TLE  OV ER 5 0 0  I _ BS 
CAT T L E  ' U N D E R  500 LBS 
B R E E D E R  P I GS 
F E ED E R  P I GS 
SH E E P  
NUMBER O F  H EAD 
00 1 1 0  
002 36 
04 7 0 7  
0 3 7 55 
0 1 429 
009 1 3  
0 5800 
00065 
VET COSTS W I THOUT 
RURAL WAT E R  
1 2 . 25 
0 5 . 2 5 
0 7 . 00 
0 5 . 00 
0 2 . 4 5 
7 2 . 00 
0 3 . 00 
00 . 60 
VET COST S W I TH 
�URAL WAT E R  
1 1 . 94 
0 5 . 1 1  
06 . 82 
0 4 . 8 7 
02 . 3 8 
7 0 . 20 
0 2 . 92 
00 . 58 
J 
0000 3 4 . 1 0 
0000 3 3 . 04 
000 8 4 7 . 26 
0 0 0 4 8 8 . 1 5 
000 1 00 . 0 3 
0 0 1 6 4 3 . 4 0 
0 0 0 4 6 4 . 00 
00000 1 . 3 0 
TOTAL $ 00 3 6 1 1 . 2 8  
00 
� 
J = V E T E R I NAR I AN COST SAVED BY B E I NG ON R URAL WA T E R  SYST EM 
DATA AT 00 . 0 5 0  P ER C E N T  
L I V E S TOC K T Y P E  
M I L K COWS 
H E I F E R S  
BE E F  COWS 
CAT T L E  OV ER 500 LBS 
CAT T L E  U N D E R  500 LBS 
BR E E D ER P I GS 
F E E D E R  P I GS 
SH E E P  
NUt-1BER O F  H EAD 
00 1 1 0 
002 3 6  
0 4 7 0 7  
0 3 7 5 5  
0 1 429 
009 1 3  
05800 
00065 
V E T  COST S W I � HO U T  
RURAL WA r E R  
1 2 . 2 5 
0 5 . 2 5 
0 7- . 00 
0 5 . 00 
02 . 4 5 
7 2 . 00 
0 3 . 00 
00 . 60 
V E T  C O S T S  W I T H 
R U RA L  WAT E R  
1 1 . 6 3 
04 . 98 
06 . 6 5 
04 . 7 5 
02 . 3 2 
68 . 40 
02 . 8 5 
00 . 57 
J .  
000068 . 20 
00006 3 . 7 2  
00 1 64 7 . 4 5  
0009 3 8 . 7 5 
000 1 8 5 . 7 7  
0 0 3 2 8 6 . 8 0 
0 0 0 8 7 0 . 00 
00000 1 . 9 5 
= = = = = = = = =  
TOTAL $ 00 7062 . 6 4 
00 
(J1 
* *  CALC U LA T E  Z * *  
CALCU LAT I ON AT 00 . 0 1 0  P ERC E N T  
l = H + I +J 
z = 002 1 0 3 2 . 64 + 000008 1 . 50 + 000 1 4 20 . 58 
z = s 0022 5 3 4 . 7 2 
* *  CALCU LAT E Z * *  
CALCU LAT I ON A T  00 . 025  P E RC E N T  
l = H + I +J 
z = 00 5 1 9 1 9 . 22 + 000020 3 . 80 + 000 3 6 1 1 . 28 
z = s 005 5 7 3 4 . 3 0 
* *  CALCU LAT E Z * *  
CALCU LAT I ON AT  00 . 050 P E RCENT  
l = H + I +J 
z = 0 1 0 1 3 9 7 . 1 2  + 000040 7 . 6 3 + 0007062 . 64 
z = s 0 1 08867 . 3 9 
00 
0'\ 
CA LCULA T I ON O F  W - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* *  CALCU L A T E  W ** 
CALCU LAT I ON AT 00 . 0 1 0  P E R C E N T  
W = X + Y + Z  
w = 0 0 3 1 3 6 3 . 5 7 + 009 9 8 54 . 2 1 + 002 2 5 3 4 . 7 2 
w = s 0 1 5 3 7 5 2 . 50 
** CALCU LAT E W * *  
CALCU L A T I ON A T  00 . 0 2 5  P E R C E N T  
W = X+Y+Z 
w = 00 3 1 3 6 3 . 5 7 + 0099854 . 2 1 + 00 5 5 7 3 4 . 3 0 
w = s 0 1 86952 . 08 
* *  CALC U LA T E  W ** 
CALC U LAT I ON AT 00 . 050 P E R C E N T  
W = X+Y+ Z 
w = 00 3 1 3 6 3 . 5 7 + 00998 54 . 2 1 + 0 1 0 8 8 6 7 . 3 9 
w = s 021 t008 5 .  1 7  
- - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
00 
'.J 
T H E  E F F EC T  O F  R U RA L  WAT E R  SYST EMS 
ON  
L I V E STOC K PRODUCT I V I TY A N D  PRODUCT I ON 
R U N  DAT E  = 1 2/ 1 3 / 8 3  
S T U DY Y EAR = 1 982 
S T U DY A R E A = T R I P P COU N T Y  
co 
co 
DATA FOR X CALCU LAT I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • - - - - - - - - -
FORMU LA . . . .  X= ( A+B+C+D ) E  
A =  T RU C K I NG COST  
SH I P P I NG COST  
CO E F F I C I E N T  
0 . 920 
0 . 800 
. B = PAS T U R E  F E E S  
NUMBER O F  H EAD 
OF L I V E STOCK 
00 3 7 5  
000 3 0  
T O T A L  WE I GH T  O F  
L I VE STOCK ( LB S ) 
0 2 7 2200 
00 3 1 500 
FE E CO E F F I C I EN T  
0 .  1 00 
0 . 2 3 3  
T OTAL WE I G H T  O F  
L I VE STOC K ( L B S ) / 1 00 
0 2 7 2 2 . 00 
00 3 1 5 . 00 
A 
002504 . 24 
000252 . 00 
-== = = = = = = =  
TOTAL $ 002756 . 24 
DAYS L I V E S TOC K K E PT 
AWAY F ROM H OM E  
0 7 5  
1 20 
B 
0028 1 2 . 5 0 
0008 3 8 . 80 
TOTAL $ 0 0 3 65 1 . 3 0 
C = REVE N U E  LOST F ROM L I VESTOCK NOT PURCHAS E D  DU E T O  DROUGH T 
L I VESTOC K TY P E  
M I L K COWS 
. H E I F E RS . 
B E E F  COWS 
CA T T L E  OV E R  500 LOS 
CAT T L E  U N D E R  500 LBS 
O R E E D E R  P I GS 
F E E D E R  P I GS 
NUf'1B E R  O F  H EAD 








R E T U RN T O  LABOR AND 
MANAG E M E N T  / H EAD 
0 5 4 6 . 76 
0000 . 00 
0000 . 00 
0020 . 3 7 
0000 . 00 
022 3 . 6 5 
0006 . 60 
c 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
TOTAL $ 000000 . 00 co 
"' 
D = R EV E N U E  LOS T  FROM S E L L I NG L I VESTOCK EAR LY 
NUt-1BER  OF H EAD AVERAGE NUMBER  OF LBS 
OF L I VES fOCK LESS T HAN O P T I MUM 
00080 0000056  
00 1 00 0000 3 3 8 
00050 0000 1 69 
00064 0000427 
000 7 5  0000 1 28 
000 50 0000 3 94 
00025 0000299 
00 1 7 5  00004 70 
00200 0000 384  
E = F R EQU E NCY O F  DROUGH T S  
DROUGHT COE F F I C I EN T = 00 . 2 5 
** CALC U LAT E X **  
X = ( A+B+C+D ) E  . 
P R I C E / LB 
00 . 60 
0 0 . 60 
00 . 60 
00 . 62 
00 . 62 
00 . 60 
00 . 62 
00 . 6 2 
00 . 6 2  
C O S T  O F  
F E E D/ DAY 
0 0 . 5 4 
0 0 . 5 4 
0 0 . 54 
00 . 4 1  
00 . 4 1 
00 . 5 4 
00 . 4 1 
0 0 . 4 1 
00 . 4 1 
X = ( 0002 7 5 6 . 2 1 J  + 000 3 6 5 1 .  3 0  + 0000000 . 00 + 0088502 . 0 1  ) 00 . 2 5  
X =  $ 002 3 7 2 7 . 3 8 
-- �  
EXTRA DAYS L I V E STOCK 
WOU LD HAVE B E EN K E P T D 
0 3 0  00 1 4 1 1 . 2 0 
1 80 D 1 0 5 8 4 . 00 
090 0 0 2 6 4 6 . 00 
3 00 00909 1 . 20 
090 0 0 3 1 96 . 1 2  
2 1 0  006 1 74 . 00 
2 1 0  0 0 2 4 8 5 . 8 7 
3 3 0 0 2 7 3 4 4 . 6 2 
270 0 2 5 569 . 00 
= = = = = = = = =  
TOTAL $ 0 8 8 5 0 2 . 0 1  
1.0 
0 
DAT A  fOR Y CALCU LA T I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - -
Y = I NC R EA S E D  R EV E N U E  D U E  T O  G R EAT E R  CA PAC I TY FOR MOR E  L I V E ST OC K B Y  U S I NG R U RA L  WAT ER 
L I V E STOC K TY P E  
M I LK COWS 
H E i f E R S  
B E E F  COWS 
CAT T L E  OV E R  500 LBS 
CAT T L E  UNDER 500 LBS 
BR E E D E R  P I GS 
F E E D E R  P I GS 
SH E E P  
ADD I T I ONAL H EAD 
DUE  TO RURAL WAT E R  
0(10 3 3  
00000 
00000 
0 1 700 
00000 
00020 
0 0 3 1 0  
00070 
R E T U R N  T O  LABOR AND 
MANAG E M E N T  I H EAD 
0 5 4 6 . 76 
0000 . 00 
0000 . 00 
0020 . 3 7  
0000 . 00 
0 22 3 . 6 5-
0006 . 60 
0007 . 6 7 
y 
00 1 804 3 . 08 
0000000 . 00 
0000000 . 00. 
0 0 3 4629 . 00 
0000000 . 00 
0 0 0 4 4 7 3 . 00 
o o o 2 o 4 6 . ·oo  
0 0 0 0 5 3 6 . 90 
TOTAL $ 0 5 9 72 7 . 98 
1..0 __, 
DATA FOR Z CALC U LAT I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - -
F O R M U L A  . . . .  Z = H + I +J 
H = F E ED COST SAVED BY B E T T ER WE I GH T  GA I N  
DATA FOR CA T T L E  AT 00 . 0 1 0  P E RC E N T  
P LAN N E D  NORMAL AVE AVE DA I LY W E I GH T  
S E L L I NG DA I LY W E I GH T  I NC R E A S E  D U E  T O  
WE I GH T  I NC R EAS E ( LB S ) R U RA L  WAT E R  ( LBS ) 
1 1 50 1 .  4 2 5  1 0 4 3 92 
DATA FOR P I G S Al 00 . 0 1 0  P ER C E N T  
P LAN N E D  
S E L L I NG 
WE I GH T  
0225 
NORMAL AVE AVE DA I LY WE I GH T  
DA I LY W E I G H T  I N C R E A S E  D U E  TO 
I NCREA S E  ( LBS ) RURAL WAT ER ( LB S ) 
1 . 0 3 0  1 .  0 4 0 3  
D A T A  F O R  SH E E P  AT 00 . 0 1 0  P ER C E N T  
P LAN N E D  
S E L L I NG 
W E I G�i T  
0 1 05 
NORMAL AVE AVE DA I LY WE I GH T  
DA I LY W E I G H T  I NC R EA S E  D U E  T O  
I NCREAS E ( LBS ) R U RAL WAT ER ( LB S ) 
0 . 500 0 . 5050 
DA I LY 
F E E D  
COST 
0 . 4 1 
DA I LY 
F E E D  
COST 
0 . 22 
DA I LY 
F E E D  
COST 
0 . 1 4  
N U M B E R  
O F  
CAT T L E  
0 5 1 8 4 
N U M B E R  
O F  
P I GS 
05800 
NUMBER 
O F  
SH E E P  
00065  
H 
0 1 69 2 3 . 8 1 
H 
0 0 2 7 5 9 . 86 
H 
0000 1 8 . 92 
= = = = = = = = =  




H = F E E D  COST SAVE D  BY B E T T E R  WE I GH T  GA I N  
DATA FOR CAT T L E  A T  00 . 0 2 5  P E RC E N T  
P LAN N E D  
S E L L I NG 
W E I GH T  
1 1 5 0 
NORMAL AV E AV E DA I LY W E I GH T  
DA I LY WE I GH T  I NCR EA S E  D U E  TO 
I NC R EA S E  ( LBS ) R U RA L  WAT E R  ( LB S ) 
1 .  4 2 5  1 . 4 6 0 6  
DATA FOR P I GS AT 0 0 . 0 2 5  P E RC E N T  
PLANN E D  
S E L L I NG 
WE I GH T  
0 2 2 5  
NORMAL AVE AVE DA I LY WE I GH T  
DA I LY WE I GHT  I NC R EA S E  DU E TO 
I NC R E A S E  ( LBS ) R U RA L  WAT E R  ( LB S ) 
1 .  0 3 0  1 . 0 5 5 7  
DATA F O R  SH E E P  AT 00 . 025  P ER C E N T  
PLA N N E D  NORMAL AV E AVE DA I LY WE I GH T  
S E L L I NG DA I LY W E I GH T  I NC R EA S E  D U E  T O  
WE I GH T  I NC R EA S E  ( LB S ) R U RAL WAT E R  ( LB S ) 
0 1 05 0 . 500 0 . 5 1 2 5 
DA I LY 
F E E D 
COST  
0 . 4 1 
DA I LY 
F E E D  
COST 
0 . 22 
DA I LY 
F E E D  
COST 
0 .  1 4  
N Uf-1 B E R  
O F  
CATT L E 
0 5 1 84 
N U M B E R  
O F  
P I GS 
0 5800 
N U M B E R  
O F  
SH E E P . 
00065  
H 
0 4 1 80 7 . 1 9  
H 
0 0 6 78 5 . 64 
H 
000046 . 6 1  
= = = = = = = = =  
TOTAL $ 0 4 8 6 3 9 . 44 
•,o 
w 
H = t E E D  C O S T  SAV E D  BY B E T T E R  HE I GH T GA I N  
DA T A  F O R  C A T T L E  A T  0 0 . 0 5 0  P E H C E N T  
P L A N N E D N O H I·1A L  A V E  A V E  DA I L Y \I E I G I ! T  
.S E L L I NG DA I LY W E I G H T  I N C R E A S E  D U E  T O  
'n' E I GIH I N C R E A S E  ( L B S ) R U R A L  'n'A T E R  ( L O S ) 
1 1 5 0 1 .  4 2 5  1 . 1i 9 6 2  
D A T A  r O R  P I GS AT 00 . 0 5 0  P E R C E N T  
P L A N N E O  
S E L L I N G 
'n' [ I G H T  
0 2 2 5  
N O nt·1A L  AV E A V E  DA I L Y 'n' E  I G i l T  
DA I LY HE I G H T  I N C H E A S E  O U E T O  
I N C R E A S E  ( L B S ) R U RA L  WA T E R ( L B S ) 
1 .  0 3 0  1 . 0 8  1 5 
DA T A  r o R SH E E P  A T 0 0 . 0 5 0  P E RC E N T  
I ' L A tm E D  NO JU-1 A L  AV E A V E  DA I L Y W E I G H T  
S E L LI N G  DA I LY W E I C H T  I N C H E A S E  DU E T O  
W [  I G i l T  I N C R E A S E  ( L B S )  R U R A L  �A T E R ( L O S ) 
0 1 0 5 0 . 5 0 0  0 . 5 2 5 0  
D A I LY 
F E E D 
C O S T  
0 . 4 1 
DA I LY 
F E E D  
C O S T 
0 . 22 
DA I L Y 
F E E D 
C O S T 
0 .  1 4  
N U 1·113 E R  
O F  
C A T T L E 
0 5 1 8 1� 
N U 1·1 B E R  
O F  
P I G S 
0 5 8 0 0  
N U f>113 E R 
O F  
S H E E P  
0 0 0 6 5  
H 
0 8 1 6 2 4 . 7 6 
H 
0 1 3 2 7 3 . 3 3 
H 
0 0 0 09 1 . 00 
= = = = = = = = =  
T O T A L  $ 0 9 11 98 9 . 09 
\.0 
.c:a 
I = I NCREASED  R EV E N U E  F ROM D EC R E A S E D  I N FA N l MOR TAL I TY 
DA TA AT 00 . 0 1 0  P ERC E N T  
L I V E S TOCK 
T Y P E  
M I L K COWS 
H E I F E R S  
B E E F COWS 
CA T T L E  OV E R  500 LBS 
CAT T L E  U N D E R  500 LBS 
B R E E D E R  P I GS 
F E ED E R  P I GS 
S H E E P  
NORMAL MOR TAL I TY 
RA T E  
00 . 0 1 5 
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 020 
MOR T A L I TY RAT E 
W I TH RURAL WAT E R  
00 . 0 1 48 5 0  
00 . 0 1 48 5 0  
00 . 0 1 48 5 0  
00 . 0 1 48 5 0  
00 . 0 1 48 5 0  
00 . 0 1 48 50 
00 . 0 1 48 5 0  
00 . 0 1 9 800 
R E T U R N  T O  LABOR 
A N D MANAG EM E N T  
0 5 4 6 . 76 
0000 . 00 
0000 . 00 
0020 . 3 7 
0000 . 00 
0 2 2 3 . 6 5 
0006 . 60 
0 0 0 7 . 67 
0000009 . 02 
0000000 . 00 
0000000 . 00 
00000 1 1 . LJ ] 
0000000 . 00 
00000 3 0 . 6 2 
000000 5 . 7 4  
0000000 . 09 
= = = = = = = = = =  
TOTAL $ 0 0 0 0 5 6 . 94 
1..0 
U1 
I = I NC R EASED R EVE N U E  F ROM D E C R EA S E D  I N FA N T  MORTAL I TY 
DATA AT 00 . 0 2 5  P E RC E N T  
L I V E S TOC K 
TY P E  
M I L K COWS 
H E I F E R S  
B E E F  COWS 
CAT T L E  OVE R  500 LBS 
CAT T L E  U N D E R  500 LBS 
B R E E D E R  P I G S 
F E E D E R  P I GS 
SH E E P  
NORMAL MORTAL I TY 
RAT E  · 
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5 
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5 
00 . 020 
MORTAL I TY RA T E  
W I TH R U RA L  WAT ER 
00 . 0 1 4 6 2 5  
00 . 0 1 46 2 5  
00 . 0 1 4625  
00 . 0 1 46 2 5  
00 . 0 1 46 2 5  
00 . 0 1 46 2 5  
00 . 0 1 46 2 5  
00 . 0 1 9 500 
I NC R EASED REVE N U E  F ROM D E C R EASED . I N FA N T  MORTAL I TY 
DATA AT 00 . 0 5 0. PERC E N T  
L l  V E STOCK 
TY P E  
H I  U <. COWS 
H E I F E R S  
B E E F  COWS 
CAT T L E  OVE R  500 LBS 
CAT T L E  UNDER 500 LBS 
B R E E D E R  P I GS 
F E E D E R  P I GS 
SH E E P  
NORMAL MORTAL I TY 
RAT E  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 020 
MOR TAL ! TY RAT E 
W I TH R U RAL WAT ER 
00 . 0 1 42 5 0  
00 . 0 1 4250 
00 . 0 1 42 5 0  
00 . 0 1 4250 
00 . 0 1 4 250 
00 . 0 1 42 50 
00 . 0 1 4 2 5 0  
00 . 0 1 9000 
R E T UR N  T O  LABOR 
AND MANAG EM E N T  
0 5 4 6 . 76 
0000 . 00 
0000 . 00 
0020 . 3 7  
0000 . 00 
0 22 3 . 6 5 
0006 . 60 
0 0 0 7 . 67 
0000022 . 5 5 
0000000 . 00 
0000000 . 00 
0000028 . 6 8 
0000000 . 00 
0000 0 7 6 . 5 7 
00000 1 4 . 3 5  
0000000 . 24 
= = = = = = = = = =  
T O TA L $ 000 1 42 . 3 9  
R E T U R N  T O  LABOR 
A N D  MANAG EME NT 
0546 . 76 
0000 . 00 
0000 . 00 
0020 . 3 7 
0000 . 00 
0 2 2 3 . 6 5 
0006 . 60 
0007 . 6 7 
0000 0 4 5 . 1 0 
0000000 . 00 
0000000 . 00 
00000 5 7 . 3 6 
0000000 . 00 
0000 1 5 3 . 1 4 
0000028 . 7 1 
0000000 . 49 
= = = = = = = = = =  
TOTAL $ 000284 . 80 
1..0 
0"\ 
J = V E T ER I NAR I AN COST SAV E D  BY B E I NG ON RURAL WAT E R  SYS T EM 
DATA AT 00 . 0 1 0  P E RC E N T  
L I V E STOC K  TY P E  
M I L K COWS 
H E I F ER S  
B E E F  COWS 
CAT T L E OV ER 500 LBS 
CA T T LE UNDER 500 LBS 
BR E ED E R  P I GS 
F E ED E R  P I GS 
SH E E P  
NUMBER O F  H EAD 
00 1 1 0  
002 3 6  
04707  
0 3 7 5 5  
0 1 429 
009 1 3  
05800 
00065 
VET COSTS W I T HO U T  
R U R A L  WAT E R  
1 2 . 2 5 
0 5 . 2 5  
0 7 . 00 
0 5 . 00 
02 . 4 5 
72 . 00 
0 3 . 00 
O J . 6 u  
J = V E T E R I NAR I AN COST SAV ED BY B E I NG ON R U RAL WA T E R SYS T EM 
DATA AT 00 . 025 P ER C E N T  
L I V E STOC K TY P E  
M I L K COWS 
H E I F E R S  
B E E F COWS 
CAT T L E  OVE R 500 LBS 
CA T T L E  U N D E R  500 LBS 
BR E E D E R  P I GS 
F E E D E R  P I GS 
SH E E P  
N UMB E R  O F  H EAD 
00 1 1 0  
002 1 6  
O tJ 7 0 7  
0 3 7 55 
0 1 429 
009 1 3  
05800 
00065 
V E T  COSTS W I T H O U T  
RURAL WA T E R  
1 2 . 2 5 
05 . 2 5 
0 7 . 00 
05 . 00 
02 . 4 5 
72 . 00 
0 3 . 00 
00 . 60 
V E T  COST S  W I T H 
R U R A L  WAT ER 
1 2 .  1 2  
0 5 . 1 9 
06 . 9 3 
04 . 9 5 
02 . 4 2  
7 1 . 2 8 
02 . 9 7 
00 . 59 
J 
0000 1 4 . 3 0 
0000 1 4 . 1 6  
000 3 2 9 . 49 
000 1 8 7 . 7 5 
000042 . 8 7 
0006 5 7 . 3 6  
000 1 74 . 0 0 
000000 . 6 5 
T O T A L  $ 00 1 420 . 5 8 
V E T  COST S  W I T H 
R!JRAL WAT E R 
1 1 . 9 4 
0 5 . 1 1  
06 . 8 2 
04 . 8 7 
0 2 . 3 8 
70 . 20 
0 2 . 9 2  
00 . 5 8 
J 
0000 3 4 . 1 0 
0000 3 3 . 04 
0008 4 7 . 26 
000488 . 1 5 
000 1 00 . 0 3 
00 1 6 4 3 . 40 
000464 . 00 
00000 1 . 3 0 
= = = = = = = = =  
T O T A L $ 00 3 6 1 1 . 2 8 
\.0 
-......,J 
� �  
J = V E T E R I NAR I AN COST SAV E D  BY B E I NG O N  R U RA L  WAT E R  SYS T E M  
DATA AT 00 . 050  P E RC E N T  
L I V E S TOC K T Y P E  
M I L K COWS 
H E I F E R S  
B E E F  COWS 
CAT T L E  OV E R . 500 LBS 
CA f T L E  U N D E R  500 LBS 
B R E E D E R  P I GS 
F E E D E R  P I GS 
S H E E P  
NUMB E R  O F  H EAD 
00 1 1 0 
002 3 6  
0 4 7 0 7  
0 3 7 5 5  
0 1 4 29 
009 1 3 
0 5 8 00 
000 6 5  
V E T  COST S  W I THOU T 
R U RA L  WA f E R  
1 2 . 2 5 
0 5 . 2 5 
0 7 . 00 
0 5 . 00 
02 . 4 5 
7 2 . 00 
0 3 . 00 
00 . 60 
V E T  C O S T S  W I T H 
R U RA L WAT E R  
1 1  . 6 3  
04 . 9 8 
06 . 6 5 
04 . 7 5 
02 . 3 2 
6 8 . 4 0 
02 . 8 5 
00 . 5 7 
J . 
0 0 0 0 6 8 . 20 
0000 6 3 . 7 2 
0 0 1 64 7 . 4 5 
0 0 0 9 3 8 . 7 5 
0 00 1 8 5 . 7 7 
0 0 3 2 8 6 . 80 
0 0 0 8 7 0 . 00 
00000 1 : 9 5 
= = = = = = = = = 
T O T A L  $ 0 0 7 0 6 2 . 64 
� 
co 
** CAl C U LA T E Z ** 
CALCU LAT I ON AT 00 . 0 1 0  P E RCEN T 
Z = H + I +J 
l = 00 1 9 7 02 . 59 + 1 10000 5 6 . 94 + 000 1 Ll20 . 58 
z -:: s 002 1 1 80 . 1 1  
** CALC U LA T E  Z * *  
CALCU LAT I ON AT 00 . 0 2 5  P E RC E N T  
Z = H + I +J 
z = 00486 3 9 . 44  + 1 )000 1 42 . 3 9 + 000 3 6 1 1 . 2 8 
z = s 00 5 2 3 9 3 . 1 1 
* *  CALC U LA T E  Z * �  
CALCU LA T I ON AT 00 . 050 P E RC E N T 
Z = H + I +J 
z = 0094989 . 09 + • 1 000284 . 80 + 000706 2 . 6 4  
z = s 0 1 0 2 3 3 6 . 5 3 
� 
� 
CALCU LA T I ON O F W - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • - - - - - - - - - - - - - - - -
* *  CA L C U LA T E  W * *  
CALCU LA T I ON A T  00 . 0 1 0  P E RC E N T  
W = X + Y + Z  
w = 002 3 7 2 7 . 3 8 + 0059 7 2 7 . 9 8 + 0 02 1 1 80 . 1 1  
w = s 0 1 04 6 3 5 . 4 7 
* *  CA LCU LA f E  W * *  
CALC U �AT I ON A T  00 . 0 2 5  P E RC E N T  
W = X + Y + Z  
w = 0 0 2 3 7 2 7 . 3 8 + 0 0 5 9 72 7 . 98 + 0052 3 9 3 . 1 1 
w = $ 0 1 3 58 4 8 . 4 7 
** CALCULA f E  W * *  
CA LCU LAT I ON A T  00 . 0 5 0  P E R C E N T  
W = X + Y + Z  
w = " 002 3 72 7 . 3 8 + 00 5 9 7 2 7 . 98 + 0 1 02 3 3 6 . 5 3 
w = $ 0 1 8 5 7 9 1 . 8 9 
. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
x_v· - l'./ 
0 
0 
T H E  E F F ECT O F  RURAL WAT E R  SYST EMS 
ON 
L I VESTOC K  P RODUCT I V I TY AND  PRODU C T I ON 
R U N  DAT E 
S T U DY YEAR 
STUDY AREA 
1 2 / 1 3 / 8 3  
1 9 8 0  
MOODY COU N TY 
-. __, 
0 __, 
DATA FOR X CALCU LAT I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
FORMU LA . . . .  X= ( A+B+C+D ) E  
A = T R U C K I NG COST 
SH I P P I NG COST 
CO E F F I C I EN T  
TOTAL WE I GH T  O F  
L I V E STOCK ( LBS ) 
TOTAL W E I GH T  O F  
L I V E S TOC K ( LB S ) / 1 00 A 
TOTAL $ 000000 . 00 
B = PAS T U R E  F E ES 
NUMB E R  O F  H EAD 
O F  L I V E STOCK F E E  COE F F I C I E N T  
DAYS L I V E STOC K K E PT 
AWAY FROM HOME B 
TOTAL s · oooooo . oo 
C = REVENUE  LOST FROM L I V E STOCK NOT PU RCHASED  D U E  TO DROUGHT 
L I V ES TOC K TYPE 
M I L K COWS 
H E I F ER S  
B E E F COWS 
CAT T LE OV ER 500 LBS 
CAT T L E  UNDER 500 LBS 
B R E E D E R  P I GS 
F EE D E R  P I GS 









D = R E V E N U E  LOS T FROM S E L L I NG L I V E S TOC K . EAR LY 
R E T U R N  TO LABOR A N D  
MANAG E M E N T  / H EAD 
0586 . 92 
0 1 4 1 . 8 3 
0006 . 8 3 
0043 . 0 3 
00 1 7 . 3 1 
02 1 0 . 76  
0005 . 89 
c 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
= = = = = = = = = = 
TOTAL $ 000000 . 00 
NUMBER O F  H EAD AVERAG E NUMBER O F  LBS COST O F  EXTRA DAYS L I V E S TOC K 
O F  L I VESTOC K L ESS THAN O P T I MUM P R I C E/ LB F E E D/ DAY WOU LD HAVE B E E N  K E P T  D 
TOTAL $ 000000 . 00 




E = F R E Q U E NCY O F  DROUGH T S  
DROUGHT  COE F F I C I E N T = 00 . 2 5 
** CALC U LA T E X ** 
X = ( A+B+C+D ) E  
X = ( 0000000 . 00 + 0000000 . 00 + 0000000 . 00 + 0000000 . 00 )  00 . 25 
X � $ 0000000 . 00 
DA TA FOR Y CALCU LAT I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Y = I NC R EASED R EV E N U E  DU E T O  GR EAT E R  CA PAC I TY FOR MOR E  L I V E STOC K B Y  U S I NG R U RA L  WAT E R  
L I V E STOC K TY P E  
M I L K COWS 
H E I F E RS 
B E E F  COWS 
CAT T L E  OV ER 500 LBS 
CAT T L E  UNDER 500 LBS 
BR E E D E R  P I GS 
F E ED E R  P I GS 
SH E E P 
ADD I T I ONAL H EAD 




00 3 3 3  
00040 
00 1 2 5 
0 2 5 6 3  
00000 
R ET U R N  TO LABOR AND 
MANAG E M E N T  / H EAD 
0586 . 92 
0 1 4 1 . 8 3 
0006 . 8 3 
0 0 4 3 . 0 3 
00 1 7 . 3 1  
02 1 0 . 76 
0005 . 89 
000 5 . 3 1  
y 
00504 7 5 . 1 2 
00089 3 5 . 29 
0000 5 6 6 . 89 
00 1 4 3 28 . 99 
0000692 . 4 0 
002 6 3 4 5 . 00 
00 1 5096 . 0 7 
0000000 . 00 
TOTAL $ 1 1 64 3 9 . 7 6  0 
w 
DATA FOR Z CALCU LAT I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
FORMU LA . . . .  Z= H + I +J 
H = F E ED COST SAVED BY B E T T E R  WE I GH T  GA I N  
DATA FOR CAT T L E  AT 00 . 0 1 0  P E R C E N T  
PLAN N E D  
S E L L I NG 
WE I GH T  
1 1 50 
NORMAL AVE AV E DA I LY W E I GH T  
DA I LY WE I GH T  I NCR EAS E D U E  T O  
I NCR EASE ( LBS ) R U RA L  WAT E R  ( LBS ) 
1 .  425  1 .  4 3 92 
DATA FOR P I GS AT 00 . 0 1 0  P ER C E N T  
P LAN N E D  
S E L L I NG 
WE I GHT 
0225 
NORMAL AVE AVE DA I LY W E I GH T  
DA I LY WE I GH T  I NCR EAS E DU E T O  
I NCR EASE ( LB S ) R U RAL WAT E R  ( LBS ) 
1 .  0 3 0  1 . 04 0 3  
DATA F O R  SH E E P  AT 00 . 0 1 0  P ER C E N T  
PLANN E D  NORMAL · AVE AVE DA I LY WE I GH T  
S E L L I NG DA I LY WE I GH T  I NCREAS E DU E T O  
WE I GHT I NC R EA S E  ( LBS ) R U RAL WAT E R  ( LBS ) 
0 1 05 0 . 500 0 . 5050 
DA I LY 
F E E D 
COST 
0 . 4 3 
DA I LY 
F E E D 
COST 
0 . 26 
DA I LY 
F E E D  
COST 
0 . 1 6  
N U M B E R  
O F  
CAT T LE 
0 5 5 1 7  
N U M B E R  
O F  
P I GS 
1 3 8 7 4  
N U M B E R  
O F  
SH E E P  
·02007 
H 
0 1 8889 . 5 1 
H 
00 7 802 . 09 
H 
000667 . 7 0 
= = = = = = = = =  
TOTAL $ 0 2 7 3 59 . 3 2 
0 
� 
H = F E ED COST SAVED BY B E T T E R  WE I GH T  GA I N  
DATA FOR CAT T L E  AT 00 . 0 2 5  P E R C E N T  
P LAN N E D  NORI-1AL AV E AVE DA I LY W E I GH T  
S E L L I NG DA I LY WE I GHT I NCR EAS E D U E  TO 
WE I GHT I NCREASE ( LB S ) RURAL WAT E R  ( LBS ) 
1 1 50 1 .  425 1 . 4606 
DATA FOR P I GS AT 00 . 0 2 5  P ERCENT  
P LAN N E D  
S E L L I NG 
. WE I GHT 
0225 
NORMAL AVE AVE DA I LY WE I GHT 
DA I LY WE I GHT I NC R EA S E  D U E  TO 
I NCR EASE ( LB S ) R URAL WAT E R  ( LB S ) 
1 .  0 3 0  1 .  0 5 5 7  
DATA FOR S H E E P  AT 00 . 0 2 5  P E R C E N T  
P LAN N ED NORMAL AV E AVE DA I LY WE I G H T  
S E L L I NG DA I LY WE I GHT I NC R EA S E  DU E TO 
WE I GH T  I NC R EASE ( LBS ) R U R A L  WAT E R  ( LBS ) 
0 1 05 0 . 500 0 . 5 1 25 
DA I LY 
F E E D  
COST 
0 . 4 3 
DA I LY 
F E ED 
COST 
0 . 26 
DA I LY 
F E E D  
COST 
0 . 1 6  
N U M B E R  
O F  
CATT L E  
0 5 5 1 7  
N U M B E R  
O F  
P I GS 
1 3 8 7 4  
N U M B E R  
O F  
SH E E P  
02007 
H 
0466 6 3 . 1 0 
H 
0 1 9 1 82 . 94 
H 
00 1 644 . 77 
========= 
TOTAL $ 067490 . 8 1 
0 
ul 
H = F E ED COST SAVE D  BY B E T T E R  WE I GH T  GA I N . 
DATA FOR CAT T L E  AT 00 . 050 P ERCENT  
PLAN N E D  
S E L L I NG 
WE I GHT 
1 1 50 
NORMAL AVE AV E DA I LY WE I GH T  
DA I LY WE I GH T  I NCR EAS E DU E T O  
I NCREASE ( LBS ) R U RA L  WAT E R  ( LB S ) 
1 . 42 5  1 .  4962 
DATA FOR P I GS AT 00 . 050 P E RC E N T  
P LAN N E D  
S E L L I NG 
WE I GH T  
0225 
NORMAL AVE AVE DA I LY W E I GH T  
DA I LY WE I GHT I NCREA S E  D U E  TO 
I NC R EASE ( LBS ) R U RAL WAT E R  ( LB S ) 
1 . 0 3 0  1 .  08 1 5  
DATA FOR SH E E P  AT  00 . 050 PERC E N T  
P LANN ED NORMAL AVE AVE DA I LY WE I G H T  
S E L L I NG DA I LY WE I GH T  I NCREA S E  D U E  T O  
WE I GH T  I NC R EASE ( LBS ) R U RAL WATER  ( LB S ) 
0 1 05 0 . 500 0 . 5250 
DA I LY 
F E E D 
COST 
0 . 4 3 
DA I LY 
F E ED 
COST 
0 . 26 
DA I LY 
F E E D  
COST 
0 . 1 6  
N U M B E R  
O F  
CAT T LE 
0 55 1 7  
NUMBER  
O F  
P I GS 
1 3 8 7 4  
N U M B E R  
O F  
SH E E P  
02007 
H 
09 1 1 0 5 . 48 
H 
0 3 7 52 3 . 59 
H 
0 0 3 2 1 1 . 20 
= = = = = = = = =  
TOTAL $ 1 3 1 840 . 27 
0 
en 
'-.,. - Y../ 
I = I NC R EASED R EV E N U E  FROM D EC R EASE D  I N FANT  MORTA L I TY 
DATA AT 00 . 0 1 0  P ERC E N T  
L l  V E S TOCK 
TY P E  
M I L K COWS 
H E I F E R S  
B E E F COWS 
CAT T L E  OVER 500 LBS 
CAT T L E UNDER 500 LBS 
BREEDER P I GS 
F E E D E R  P I GS 
SH E E P  
NORMAL MORTAL I TY 
RAT E  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 020 
MORTA L I T Y  RAT E 
W I TH RURA L  WAT E R  
00 . 0 1 4850 
00 . 0 1 48 5 0  
00 . 0 1 4850 
00 . 0 1 4850 
00 . 0 1 48 5 0  
00 . 0 1 4850 
00 . 0 1 48 5 0  
00 . 0 1 9800 
I = I NC R EASED REVENUE  F ROM D EC R EASED I N FA N T  MORTA L I TY 
DATA AT 00 . 025  P E R C E N T  
L I VESTOC K 
TY P E  
M I L K COWS 
H E I F ERS 
B E E F  COWS 
CAT T L E  OVER 500 LBS 
CA T T L E  UNDER 500 LBS  
BR E E D E R  P I GS 
F E E DlR  P I GS 
SH E E P  
NORMAL MORTAL I TY 
RAT E  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 020 
MORTAL I TY RAT E 
W I TH R U RA L  WAT E R  
00 . 0 1 46 2 5  
00 . 0 1 46 2 5  
00 . 0 1 4625  
00 . 0 1 46 2 5  
00 . 0 1 46 2 5  
00 . 0 1 4 6 2 5  
00 . 0 1 46 2 5  
00 . 0 1 9500 
R E T U RN T O  LABOR 
.A N D  MANAGEME N T  
0 5 8 6 . 92 
0 1 4 1 . 8 3 
0006 . 8 3 
0 0 4 3 . 0 3 
00 1 7 . 3 1 
02 1 0 . 7 6 
000 5 . 89 
0005 . 3 1 
0000074 . 56 
00000 1 1 . 5 7 
0000002 . 56 
0000025 . 6 5 
0000004 . 00 
0000027 . 69 
00000 1 2 . 25 
0000002 . 1 3 
= = = = = = = = = =  
TOTAL $ 0 00 1 60 . 4 1 
R E T U R N  TO LABOR 
AND MAN AG E M E N T 
0 586 . 92 
0 1 4 1 . 8 3 
0006 . 8 3 
0 0 4 3 . 0 3 
00 1 7 . 3 1  
0 2 1 0 . 76 
0005 . 8 9 
000 5 . 3 1  
0000 1 86 . 42 
0000028 . 9 3 
0000006 . 40 
0000064 . 1 2 
00000 1 0 . 0 1 
0000069 . 2 3 
00000 3 0 . 6 4 
0000005 . 3 2 
TOTAL $ 00040 1 . 0 7 
0 
-......,J 
I = I NC R EAS E D  R EV E N U E  F ROM DECREASED  I N FA N T  MORTAL I TY 
DATA AT 00 . 050 P ER C E N T  
L I V E S TOC K 
T Y P E  
M I L K COWS 
H E I F E RS 
B E E F  COWS 
CAT T L E  OVE R  500 LBS 
CAT T L E  UNDER 500 LBS 
BR E E DE R  P I GS 
F E ED E R  P I GS 
SH E E P  
. ; ,-; 
NORMAL MOR TA L I TY 
RAT E  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 020 
MORTA L I T Y  RAT E 
W I TH R U RA L  WA T E R  
00 . 0 1 42 5 0  
00 . 0 1 4 2 50 
00 . 0 1 42 5 0  
00 . 0 1 42 5 0  
00 . 0 1 42 5 0  
00 . 0 1 42 5 0  
00 . 0 1 42 5 0  
00 . 0 1 9000 
R E T U R N  TO LABOR 
AND MANAG E M E N T  
0 5 86 . 92 
0 1 4 1 . 8 3 
0006 . 8 3 
0 0 4 3 . 0 3 
00 1 7 . 3 1 
02 1 0 . 76  
0005 . 89 
000 5 . 3 1 
0000 3 72 . 84 
00000 5 7 . 86 
00000 1 2 . 8 1 
0000 1 28 . 2 5 
0000020 . 0 3 
0000 1 3 8 . 46 
000006 1 . 28 
00000 1 0 . 6 5 
= = = = = = = = = =  
TOTAL $ 000802 . 1 8 
0 
00 
J = V E T E R I NAR I AN COST SAVE D  BY B E I NG ON R U RAL WAT E R  SYS T E M  
DATA A T  00 . 0 1 0  P E RC E N T  
L I V E S TOCK TYPE  
M I L K COWS 
H E I F E RS 
B E E F  COWS 
CA T T L E OV ER 500 LBS 
CAT T LE UNDER 500 LBS 
B R E E DER P I GS 
F E E D E R  P I GS 
SH E E P  




0 3 974  
0 1 54 3  
00876 
1 3 87 4 
02007 
VET COS T S  W I THOUT  
R U RAL WAT ER 
1 2 . 2 5 
0 5 . 2 5 
0 7 . 00 
0 5 . 00 
02 . 45 
72 . 00 
0 3 . 00 
00 . 60 
J = VETER I NAR I AN COS T  SAVED BY B E I NG ON R U RA L  WAT E R  SyST EM 
DATA AT 00 . 025 P E RC E N T  
L I V E STOC K T Y P E  
M I LK COWS 
H E I F ER S  
B E E F COWS 
CAT T L E OV ER 500 LBS 
CAT T L E  UNDER 500 LBS 
B R E E D E R  P I GS 
F E E D E R  P I GS 
SH E E P  




0 3 9 7 4  
0 1 5 4 3  
008 76 
1 3 874 
02007 
V E T  COSTS W I THOUT  
R U RA L  WAT E R  
1 2 . 2 5 
0 5 . 25 
0 7 . 00 
0 5 . 00 
02 . 45 
72 . 00 
0 3 . 00 
00 . 60 
V E T  COSTS  W I T H 
R U RA L  WAT ER 
1 2 .  1 2  
0 5 . 1 9  
06 . 9 3 
0 4 . 95 
02 . 42 
7 1 . 28 
02 . 97 
00 . 5 9  
J 
000 1 1 0 . 1 1  
0000 3 2 . 6 4  
000 1 7 5 . 1 4  
000 1 98 . 70 
000046 . 29 
0 00 6 3 0 . 7 2 
0004 1 6 . 22 
000020 . 0 7 
TOTAL $ 0 0 1 629 . 89 
V E T  COS T S  W I T H 
RURAL WAT E R  
. 1 1 . 94 
0 5 . 1 1  
06 . 82 
0 4 . 8 7 
02 . 3 8 
7 0 . 20 
02 . 92 
00 . 58 
J 
000262 . 5 7 
000076 . 1 6 
0004 5 0 . 3 6 
- 0005 1 6 . 62 
000 1 08 . 0 1 
00 1 5 7 6 . 80 
00 1 1 09 . 92 
000040 . 1 4 
TOTAL $ 004 1 40 . 5 8  
C )  
lD 
,�..- -\ �I 
J = V E T E R I NAR I AN COST SAV E D  BY B E I NG ON R U RA L  WAT ER SYST EM 
DATA AT 00 . 0 5 0  P E RC E N T 
L I V E S TOCK TY P E  
M I L K COWS 
H E I F E R S  
B E E F  COWS 
CAT T LE OV E R  500 LBS 
CAT T L E  UNDER 500 L B S  
B R E E D E R  P I GS 
F E ED E R  P I GS 
S H E E P  




0 3 9 7 4  
0 1 5 4 3  
00876 
1 3 8 7 4  
02007 
VET COSTS W I T HO U T  
R U RA L  WAT E R 
1 2 . 2 5 
0 5 . 2 5 
0 7 . 00 
0 5 . 00 
02 . 4 5 
72 . 00 
0 3 . 00 
00 . 60 
V E T  COS T S  W I T H 
R U R A L  WAT E R  
1 1 . 6 3 
0 4 . 9 8  
0 6 . 6 5 
04 . 7 5 
0 2 . 3 2 
6 8 . 4 0 
0 2 . 8 5 
00 . 5 7 
J 
0 0 0 5 2 5 . 1 4 
000 1 46 . 8 8 
0008 7 5 . 70 
00099 3 . 50 
000200 . 59 
00 3 1 5 3 . 60 
00208 1 . 1 0 
000060 . 2 1  
TOTAL $ 0080 3 6 . 7 2  
......... 
0 
** CALCU LA T E  Z **  
CALCU LAT I ON A T  00 . 0 1 0  P E R C E N T  
Z = H+ I +J 
z = 002 7 3 59 . 3 2 + 0000 1 60 . 4 1  + 000 1 629 . 89 
z := $ 0029 1 4 9 . 62 
** CALCU LAT E Z **  
CALCU LAT I ON AT 00 . 025 P E R C E N T  
Z = H+ I +J 
z = 006 7490 . 8 1 + 000040 1 . 0 7 + 0004 1 40 . 5 8 
z = $ 00720 3 2 . 46 
** CALC U LA T E  Z ** 
CALCU LAT I ON A T  00 . 050 P E RC E N T  
Z = H+ I +J 
z = 0 1 3 1 840 . 2 7 + 0000802 . 1 8 + 00080 3 6 . 72  
z = $ 0 1 40 6 79 . 1 7  
CALCULAT I ON O F  W - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* *  CALCU LAT E W ** 
CALCU LAT I ON AT 00 . 0 1 0  P E R C E N T  
W = X+Y+Z 
w = 0000000 . 00 + 0 1 1 64 3 9 . 7 6 + 0029 1 49 . 6 2 
w = s 0 1 45589 . 38 
** CALCULAT E W ** 
CALCULAT I ON AT 00 . 025 P E R C E N T  
W = X+Y+Z 
w = 0000000 . 00 + 0 1 1 64 3 9 . 7 6 + 00720 3 2 . 46  
w = s 0 1 88 4 72 . 22 
** CALCULATE W ** 
CALCULAT I ON AT 00 . 050 P E � C E N T  
W = X+Y+Z 
w = ·  0000000 . 00 + 0 1 1 64 3 9 . 76 + 0 1 4 0 6 79 . 1 7  




T H E  E F F EC T  O F  RURA L  WAT E R  SYS T EMS 
ON 
L I V E S TOC K PRODUCT I V I TY AND PRODUCT I ON . 
R U N  DAT E 
STUDY Y EAR 
STUDY AR EA 
1 2/ 1 3 / 8 3  
1 982 




DATA FOR X CALC U LA T I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
FORMU LA . . . .  X= ( A+B+C+D ) E  
A = TRUCK I NG COST 
SH I P P I NG COST 
CO E F F I C I E N T  
B = PAS T U R E  F E E S  
NUMBER O F  H EAD 
OF L l  V ESTOCK 
TOTAL WE I GH T  O F  
L I VE STOCK ( LBS ) 
F E E  COE F F I C I EN T  
TOTAL WE I G H T  O F  
L I V E S TOC K ( LB S ) / 1 00 A 
========= 
TOTAL $ 000000 . 00 
DAYS L I V E STOCK K E PT . 
AWAY FROM HOME B 
= = = = = = = = = 
TOTAL $ 000000 . 00 
C = REVENUE  LOST FROM L I VESTOC K  NOT PURCHASED D U E  TO DROUGHT 
L I V E S TOC K  T Y P E  
M I L K COWS 
H E I F E R S  
BE E F  COWS 
CA f T LE  OVER 5DO LBS 
CA T T L E UNDER 500 LBS 
, BR E EDER P I GS 
F E ED E R  P I GS 









0 = R E V E N U E  LOST FROM S E L L I NG L I V ESTOCK EAR LY 
R E TU R N  TO LABOR AND 
MANAGE M E N T  / H EAD 
0 5 4 6 . 76 
0000 . 00 
0000 . 00 
0020 . 3 7 
0000 . 00 
0 2 2 3 . 6 5 
0006 . 60 
c 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
0000000 . 00 
000000 0 . 00 
= !:: = = = = ; = = =  
TOTAL $ 000000 . 00 
NUMB ER O F  H EAD AVERAGE N UMB ER O F  LBS COS T  OF EXTRA DAYS L I VES TOC K 
O f  L I V E S TOCK L E S S  THAN O PT I MUM P R I C E/ LB F E ED/ DAY WOU L D  HAVE B E E N  K E P T D 
T O T A L  $ 000000 . 00 
+:::> 
E = FR EQU E NCY O F  DROUGH T S  
DROUGHT COE F F I C I E N T = 00 . 2 5 
** CALC U LA T E  X ** 
X = ( A+B+C+D ) E  
X = ( 0000000 . 00 + 0000000 . 00 + 0000000 . 00 + 0000000 . 00 )  00 . 2 5 
X = $ 0000000 . 00 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DATA FOR Y CALCU LAT I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Y = I NCREASED R EVEN U E  D U E  T O  GREATER CA PAC I TY FOR MOR E  L I VEST.OC K B Y  U S I NG R U R A L  WAT E R  
L I V E STOCK T Y P E  
M I L K COWS 
H E I F E RS 
B E E F  COWS 
CAT T L E  OVER 500 LBS 
CAT T L E  UNDER 500 LBS 
B R E E D E R  P I GS 
F E E D E R  P I GS 
S H E E P  
ADD I T I ONAL  H EAD 




0 0 3 3 3  
00000 
00 1 2 5 
0 2 5 6 3  
00000 
R E T UR N  TO LABOR A N D  
MANAG E M E N T  / H EAD 
0 5 4 6 . 76 
0000 . 00 
0000 . 00 
0020 . 3 7  
0000 . 00 
022 3 . 6 5 
0006 . 60 
0007 . 6 7 
y 
0 0 4 7 02 1 . 3 6 
0000000 . 00 
0000000 . 00. 
0006 7 8 3 . 2 1  
0000000 . 00 
002 7 9 5 6 . 2 5 
00 1 69 1 5 . 80 
0000000 . 00 




DATA FOR Z CALC U LA T I ON - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
FORMU LA . . . . Z = H + I +J 
H = F E ED COST SAV E D  BY B E T T ER WE I GH T  GA I N  
DATA FOR CAT T LE AT 00 . 0 1 0  P E RC E N T  
P LA N N E D  NORMAL AV E AV E DA I LY WE I G H T  
S E L L I NG DA I LY WE I GH T  I NC R EASE DU E r o  
WE I GHT I NCREASE ( LBS ) RURAL WA T ER ( LB S ) 
1 1 50 1 .  425 1 . 4 3 92 
DATA FOR P I GS AT 00 . 0 1 0  P E RC E N T  
P LAN N E D  
S E L L I NG 
WE I GHT 
0225 
NORMAL AV E AVE DA I LY WE I GH T  
DA I LY WE I GH T  I NC R EASE D U E  TO 
I NCR EASE ( LB S ) R U RAL WA T E R  ( LBS ) 
1 . 0 3 0  1 .  0 4 0 3  
DATA F O R  SH E E P  AT 00 . 0 1 0  P E RC E N T  
P LAN N ED NORMAL AVE AVE DA I LY WE I GHT 
S E L L I NG DA I LY WE I· GHT I NC R EAS E DU E r o  
WE I GHT I NCREA S E  ( LBS ) R U RAL WAT E R  ( LB S ) 
0 1 05 0 . 500 0 . 5050 
DA I LY 
F E ED 
COS T 
0 . 4 1 
DA I LY 
F E E D 
COST , 
0 . 22 
DA I LY 
F E ED 
COST 
0 . 1 4  
N U M B E R  
O F  
CAT T LE 
0 5 5 1 7  
N U�1B E R  
O F  
P I GS 
1 3 874  
N U�1B.ER 
O f  
S H E E P  
02007 
H 
0 1 811 1 0 . 9 3 
H 
0066 0 1 . 77 
H 
000 � 8 4 . 24 
= = = = = = = = =  




H = F E ED COST SAVE D  BY B E T T E R  WE I G i l T GA I N  
DATA FOR CAT T L E  AT 00 . 025  P ER C E N T  
P LANN E D  NORMAL AVE AVE DA I LY WE I G H T  
S E L L I NG DA I LY WE I G H T  I NCR EASE D U E  T O  
W E I GH T  I NC R EASE ( LBS ) R URAL WA T E R  ( LB S ) 
1 1 50 1 .  425 1 . 4606  
DATA FOR  P I GS AT 00 . 025 P ER C E N T  
PLA N N E D  
S E L L I NG 
WE I GHT 
0225 
NORMAL AVE AVE DA I LY WE I GH T  
DA I LY WE I G H T  I N C R EA S E  D U E  T O  
I NCREASE ( LBS ) RURAL WAT ER ( LB S ) 
1 .  0 3 0  1 .  0 5 5  7 
DATA FOR SH E E P  AT 00 . 025  P ER C E N T  
P LAN N E D NORMAL AV E AV E DA I LY WE I G H T  
S E L L I NG DA I LY WE I GH T  I NC R EASE  D U E  T O  
WE I GH T  I NCREASE ( LBS ) R U R A L  WAT E R  ( LB S ) 
0 1 0 5 0 . 500 0 . 5 1 2 5 
DA I LY 
F E ED 
COST 
0 . 4 1  
DA I LY 
F E ED 
COST 
0 . 22 
DA I LY 
F E E D  
COST 
0 .  1 4  
N U M B E R  
O F  
CATT LE 
0 5 5 1 7  
NUMBER 
O F  
P I GS 
1 3 8 7 4 
N U M B E R  
O F  
SH E E P  
02007 
H 
0 4 4 LI 92 . 72  
H 
0 1 6 2 3 1 . 7 1 
H 
00 1 4 3 9 . 1 7  
= = = = = = = = =  




H = F E ED COST SAVED BY . B E T T E R  WE I GH T  GA I N  
DATA FOR CATT LE AT 00 . 050 PERC E N T  
PLAN N E D  NORMAL AV E AV E DA I LY WE I GH T  
S E L L I NG DA I LY WE I GH T  I NC R EASE D U E  T O  
WE I GHT I NCREASE  ( LBS ) RURAL WAT E R ( LBS ) 
1 1 50 1 . 42 5  1 . 4962 
DATA FOR P I GS AT 00 . 050 P E RC E N T  
P LAN N E D  
S E L L I NG 
WE I GH T  
0225 
NORMAL AVE AV E DA I LY WE I GH T  
DA I LY WE I GUT  I NC R EASE DU E T O  
I NC R EASE ( LBS ) R U RAL WAT E R  ( LB S ) 
1 .  0 3 0  1 . 08 1 5  
DATA FOR SH E E P  AT 00 . 050 P E R C E N T  
P LAN N E D  NORMAL AVE AVE DA I LY WE I GH T  
S E L L I NG DA I LY WE I GH T  I NCREA S E  D U E  T O  
WE I GH T  I NC R EA S E  ( LBS ) RURA L  WA T E R  ( LB S ) 
0 1 0 5  0 . 500 0 . 5 2 50 
DA I LY 
F E E D  
COST 
0 . 4 1 
DA I LY 
F E E D 
COST 
0 . 22 
DA I LY 
F E E D  
COST  
0 . 1 4  
N U M U E R  
O F  
CAT T LE 
0 5 5 1 7  
NUMU E R  
O F  
P I GS 
1 3 8 7 4  
N U M B E R  
O F  
SH E E P  
0 2 0 0 7  
H 
086868 . 0 1  
H 
0 3 1 7 50 . 7 3 
H 
0 0 2 80 9 . 80 
= = = = = = = = =  




I = I NC R EA S E D  R EV E N U E  F ROM D E C R EAS E D  I N FA N T  MOR TA L I T Y 
DATA AT 00 . 0 1 0  P E RC E N T  
L I V E S TOC K 
T Y P E  
M· l L K  COWS 
H E I F E R S  
B E E F  COWS 
CA f T L E  OV E R  500 L B S  
CAT T L E  U N D E R  500 LB S 
B R E E D E R  P I G S 
F E E D E R  P I GS 
S H E E P  
NORMAL M O R T A L I TY 
R A T E  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 020 
MOR T A L I TY RAT E 
W I T H R U RA L  WA T E R  
00 . 0 1 48 50 
00 . 0 1 48 50 
00 . 0 1 Ll850  
00 . 0 1 4 8 5 0  
00 . 0 1 4 8 5 0  
00 . 0 1 4 8 5 0  
00 . 0 1 4 8 50 
00 . 0 1 9800 
I = I NC R E A S E D  R EV E N U C F ROM D EC R EA S E D  I N F A N T  MO R TA L I T Y 
DA TA AT 00 . 025 P E R C E N T  
L I V E S TOC K 
TY P E  
M I L K COWS 
H E I F E R S  
B E E F  COWS 
CAT T L E  OV E R  500 L B S  
CA T T L E  U N D E R  500 L B S  
BR E E D E R  P I G S 
F E E D E R  P I GS 
S H E E P  
N O RMA L MO R T A L I TY 
RAT E 
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 020 
MO R TA L I TY RAT E  
W I T H R U R A L  WAT E R  
00 . 0 1 Ll 6 2 5  
00 . 0 1  LJ 625  
00 . 0 1 4 6 2 5  
00 . 0 1 4625  
00 . 0 1 46 2 5  
00 . 0 1 4 625  
00 . 0 1 4625  
00 . 0 1 9500 
R E T U R N  T O  LAB O R  
A N D  MANAG E M E N T  
0 5 4 6 . 76 
0000 . 00 ·aooo . oo 
0020 . 3 7 
0000 . 00 
022 3 . 6 5 
0006 . 60 . 
000 7 . 6 7 
0000069 . LJ 6 
0000000 . 00 
0000000 . 00 
00000 1 2 . 1 4  
0000000 . 00 
0000029 . 3 8 
00000 1 3 . 7 3 . 
000000 3 . 0 7 
= = = = = = = = = =  
T O T A L $ 000 1 2 7 . 78 
R E T U R N  TO LAB O R  
A N D  MANAG E M E N T  
0 5 4 6 . 76 
0000 . 00 
0000 . 00 
0020 . 3 7 
0000 . 00 
022 3 . 6 5 
0006 . 60 
0007 . 6 7 
0000 1 7 3 . 66 
0000000 . 00 
0000000 . 00 
00000 3 0 . 3 5 
0000000 . 00 
000007 3 . 4 6 
00000 3 4 . 3 3 
000000 7 . 69 
= = = = = = = = = =  
T O T A L  $ 000 3 1 9 . 49 
--' 
� 
I = I N C R E A S E D  R EV E N U E  F ROM D E C R EAS E D  I N FA N T  M O R T A L I TY 
D A T A  AT 00 . 050 P E RC E N T  
NORMA L  MOR TA L I TY M O R TAL I TY R A T E  L I V E S T O C K  
TY P E  RA T E  W I T H R U R A L  WA T E R  
R E T U R N  T O  LAB O R  
A N D  MANAG E M E N T  
M I L K COWS 
H E I F E R S  
B E E F  COWS 
C A T T L E  OV E R  500 L B S  
CA T T L E  U N D E R  500 L B S  
BR E E D E R  P I G S 
F E E D E R  P I GS 
SH E E P  
00 . 0 1 5  
00 . 0 1 5 
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
00 . 0 1 5  
.00 . 0 1 5  
00 . 020 
00 . 0 1 LJ 250  
00 . 0 1 4250 
00 . 0 1 4 250  
00 . 0 1 4 250 
00 . 0 1 42 50 
00 . 0 1 4 250 
00 . 0 1 4250 
00 . 0 1 9000 
J = V E T E R I NAR I AN CO S T  SAV E D  BY B E I NG ON R U R A L  WA T E R  SYS T EM 
DATA A T  00 . 0 1 0  PERC E N T 
L I V E S TO C K  TY P E  
M I L K COWS 
H E I F ER S  
B E E F COWS 
CAT T L E  OVER 500 LBS 
CA T T LE U N D E R  500 L B S  
BR E E D ER P I G S 
F E E D E H  P I GS 
S H E E P 
N U M B E R  O f  H EA D  
008 4 7  
0 0 5 4 4  
02502 
0 3 9 7 4  
0 1 5 4 3  
008 76 
1 3 8 74 
0200 7 
V E T  C O S T S  W I T H O U T  
R U RA L  WAT E R  
1 2 . 2 5 
0 5 . 2 5 
0 7 . 00 
0 5 . 00 
02 . 4 5 
72 . 00 
0 3 . 00 
00 . 60 
0 5 4 6 . 76 
0000 . 00 
0000 . 00 
0020 . 3 7 
0000 . 00 
022 3 . 6 5 
0006 . 60 
0007 . 6 7 
V ET CO S T S  W I T H 
R U R A L  WAT E R  
1 2 .  1 2  
0 5 . 1 9  
06 . 9 3 
04 . 9 5 
02 . 4 2 
7 1 . 28 
02 . 9 7 
00 . 5 9 
0000 3 4 7 . 3 2 
0000000 . 00 
0000000 . 00 
0000060 . 7 1 
0000000 . 00 
0000 1 46 . 9 3 
0000068 . 6 7 
00000 1 5 . 3 9 
= = = = = = = = = =  
T O T A L  $ 0006 3 9 . 02 
J 
000 1 1 0 .  1 1  
0000 3 2 . 64 
000 1 7 5 . 1 4  
000 1 98 . 7 0  
000046 . 29 
0006 3 0 . 72 
0004 1 6 . 2 2 
000020 . 0 7 
= = = = = = = = =  




J = V E T E R I NAR I AN C O S T  SAV E D  BY B E I NG ON R U R A L  WA T E R  SYS T E M  
DA T A  A T  00 . 02 5  P E RC E N T  
L 1  V E S  T O C K  T Y P E  
�1 I L K COWS 
H E I F E R S  
B E E F  COWS 
CAT T L E  OV E R  500 LBS 
CA T T L E  U N D E R  500 L B S  
BR E E D E R  P I G S 
F E E D E R  P I GS 
S H E E P  
N UM B E R  O F  H EAD 
008 4 7  
00544 
02502 
0 3 9 7 4  
0 1 5 4 3  
008 76 
1 38 7 4  
02007 
V E T  C O S T S  W I T H O U T  
R U HA L  WAT E R 
1 2 . 2 5 
05 . 2 5 
0 7 . 00 
05 . 00 
02 . 4 5 
72 . 00 
0 3 . 00 
00 . 60 
J = V E T E R I NAR I AN C O S T  SAV E D  BY B E I NG ON R U RA L  WAT E R  SY S T EM 
DA T A  AT 00 . 050 P E R C E N T  
L I V E S T O C K  T Y P E  
M I L K COWS 
H E I F E R S  
B E E F  COWS 
CA T T L E  OV E R  500 L B S  
C A T T L E U N D E R  500 LB S 
BR E E D E R  P I G S 
F E E D E R  P I G S 
S H E E P  
N UM B E R  O F  H EAD 
008 L� 7  
00544 
02502 
0 3 9 7 4  
0 1 5 4 3  
008 7 6  
1 3 8 7 4  
02007 
V E T  C O S T S  W I T HO U T  
R U R A L  WAT E R  
1 2 . 2 5 
05 . 2 5 
0 7 . 00 
05 . 00 
02 . 4 5 
7 2 . 00 
0 3 . 00 
00 . 60 
V E T  C O S T S - W I T H 
R U RA L  WA T E R  
1 1 . 94 
05 . 1 1  
06 . 8 2 
04 . 8 7 
02 . 3 8 
70 . 2 0 
02 . 92 
00 . 5 8 
J 
000262 . 5 7 
0000 76 . 1 6  
000450 . 3 6 
0005 1 6 . 62 
000 1 08 . 0 1 
00 1 5 7 6 . 80 
0 0 1 1 09 . 92 
000040 . 1 4 
= = = = = = = = =  
T O T A L  $ 004 1 40 � 58  
V E T  C O S T S  W I T H 
R U R A L  WAT E R  
1 1  . 6 3  
0 4 . 98  
06 . 6 5 
0 4 . 7 5 
02 . 3 2 
68 . 4 0 
0 2 . 8 5 
00 . 5 7 
J. 
000525 . 1 4 
000 1 46 . 8 8 
000 8 7 5 . 70 
00099 3 . 50 
000200 . 59 
0 0 3 1 5 3 . 60 
00208 1 . 1 0  
000060 . 2 1 
T O TA L $ 0080 3 6 . 72 
N 
* *  CALCULA r E  Z **  
CALCULAT I ON AT 00 . 0 1 0  P E RC E N T  
Z = H + I +J 
z = 002 5 1 96 . 9 5  + 0000 1 2 7 . 78 + 000 1 629 . 8 9 
z = s 0026 9 5 4 . 62 
** CALCU L A T E  Z * *  
CALCU LA T I ON A T  00 . 0 2 5  P E RC E N T  
Z = H + I +J 
z = 0062 1 6 3 . 62 + 00003 1 9 . 49 + 0 0 0 4 1 4 0 . 5 8 
z = s 006662 3 . 69 
** CALCU LA I E  Z * *  
CA LCU LA f i OH A T  00 . 0 5 0  P E RC E N T  
Z = H + I +J 
z = 0 1 2 1 4 28 . 5 4 + 0000 6 3 9 . 0 2 + 0 0 0 80 3 6 . 7 2 




CALCU LAT I ON O F W - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - -
* *  CALC U LA r E  W * *  
CALC U LA T I O N A T  OO . O l a  P E R C E N T  
W = X+Y+Z 
w = 0000000 . 00 + 00986 7 6 . 62 + 0026954 . 62 
w = $ 0 1 2 5 6 3 1 . 2 4 
* *  C A LC U LA T E W * *  
CA LC U LA T I O N A T  00 . 025 P E R C E N T  
W = X+Y+Z 
w = 0000000 . 00 + 009 8 6 7 6 . 62 + 006662 3 . 69 
w = $ 0 1 6 5 3 00 . 3 1  
** CALC U LA T E  W ** 
C A LC U L A T I O N A T  00 . 050 P E RC E N T  
W = X+Y+Z 
w = 0000000 . 00 + 0098 6 76 . 62 + 0 1 3 0 1 04 . 28 
w - = s 02 28 780 . 90 
--I 
!'\) 
w 
